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PREFACE. 


It has been weU remarked by Humboldt * that to behold is not 
necessarily to observe, that • is, to compare and combine. The 
history of Geology, like that of all sciences depending lor their 
effective advance on experiment or correct observation, amply 
proves the truth of this statement. We are not required to look 
far back to be iully aware of the many brilliant hypotheses which 
have given way before the advance of* correct research. It was 
not that these brilliant hypotheses were intended as substitutes for 
sound geological knowledge, based on correct data, or that those 
who formed them were not as capable as any who may in after- 
times succeed in still farther systematically embodying the accu- 
mulated data of such times, but merely that correct observations 
were not then sufficiently abundant, and that powerful, and, some- 
times, impatient minds supplied their place with conceptions more 
captivating than well founded. It is obvious that with a hundred 
well-established facts more can be accomplished than with ten, the 
deductions from which, however apparently correct, may even be 
fallacious as respects those derived from the consideration of the 
greater number. Let it not, nevertheless, be hastily concluded that 
the views which have passed away have not materially advanced 
geology, as those of a similar character have aided the progress of 
other sciences. Without them, though a few may have been 
impediments for the time, many a subject would have longer 
remained disregarded by its zealous investigator. Even the con- 
troversies which have from time to time appeared, many from 
differences of opinion arising the more readily as the subject was 
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less perfectly understood, gave a certain impulse to progress which 
the commencement of many inquiries so often demands. 

The following work was undertaken in the hope that the expe- 
rience of* many years might assist, and, perhaps, abridge the labours 
of those who may be desirous of entering upon the study of geology, 
and especially in the held. Its object is, to afford a general view 
of the chief points of that science, such as existing observations 
would lead us to infer were established ; to show how the correct- 
ness of such observations may be tested ; and to sketch the directions 
in which they may apparently be extended. Having been, to a 
certain extent, founded upon a little treatise, entitled “ How to 
Observe in Geology,’* long since out of print, a somewhat similar 
name has been retained for the present volume. 

H. T. De la Beche. 
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Observations have now been sufficiently extended and multiplied 
to show that, during a long lapse of time, the surface of our planet 
has been undergoing modifications and changes. Of these the most 
marked have been produced by the uprise of mineral matter in a 
molten state from beneath that surface ; by the wearing away and 
removal to other localities of this matter, either in its first state, 
after cooling, or in some secondary condition, by atmospheric 
influences and waters variously distributed for the time being ; by 
the preservation of the remains of animal and vegetable life during 
at least a portion of this lapse of time amid deposits accumulated, 
for the most part, in horizontal layers beneath waters, and by the 
unquiet state of the earth’s surface itself, from which, while consi- 
derable areas have been at diflerent times raised slowly above, and 
depressed beneath the level of the ocean, whole masses of mineral 
matter of various kinds have occasionally been squeezed, bent, and 
plicated, sometimes ridged up into ranges of mountains. 

To enable the geologist systematically to proceed with his 
researches, it became as needful for him as for other cultivators of 
science to have the power of classifying his observations. Of the 
various classifications proposed or modified at different times to 
satisfy the amount of knowledge of those times, it would be out of 
place here to make mention, further than t6 remark that at present 
a more mixed classification is often employed than seems desirable. 
For example, it is not unusual for the term tertiary, or tertiarles, 
to be applied to all accumulations posterior to the chalk of western 
Europe, while the other terms of secondary and primary or primitive, 
to which it has reference, are scarcely or seldom mentioned. We 
have, again, a mixed nomenclature for the groups of deposits, or 
the deposits themselves, for which it has been thought desirable to 
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find distinctive names. While some groups are referred to localities, 
such as Cambrian, Silurian, Jurassic, and the like; others are 
named after some circumstance supposed characteristic, such as 
carboniferous, from containing the great eoal deposits of Europe 
and North America ; or oolitic, from many of the limestones in it 
being oolitic, that is, resembling the roe of a fish, being composed 
of* numerous small rounded grains. 

It has been often considered that names derived from localities, 
where certain deposits have been taken as types, are preferable to 
those pointing to any mineral strueture, inasmuch, as not only can 
the geologist readily make himself familiar with the kind of accu- 
mulations intended to be represented by the names, by visiting and 
studying the localities whence they are taken, but as also particular 
mineral structures having been repeated as often as the conditions 
for them arose, they form no guide for determining the relative age 
of rocks, whatever may have been the impression when names of 
that kind were given, and geological science less advanced than at 
present. The two structural names mentioned arc thus liable to 
objection, carboniferous deposits extending from an earlier period 
than that supposed to be represented by the term, and up to the 
higher accumulations above the cretaceous series inclusive, and the 
oolitic character reaching from limestones amid the earlier fossili* 
ferous rocks to the present day.* The mixed character of the 
present geological nomenclature arises, no doubt, from the manner 
in which, from time to time, various geologists have directed atten- 
tion to different rocks or accumulations of them, those names Having 
generally remained which have been found convenient and suffi- 
cient, up to the present time, for the purposes for which they have 
been employed. 

The igneous products^ being those from which the chief part, if 
not the whole, of the detrital, and even chemical deposits have 
been directly or indirectly derived, it would appear desirable to 
consider them in the first place. Whatever the views entertained 
of the fluid condition of our planet, whence its form has resulted, 
such fluid condition produced by heat sufficient to keep all its com- 

* One of the limestones of the lower Silurian series in North Wales, the Rhiwlas, near 
Bala, is oolitic. 
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ponent parts in that state, the present condition of the earth’s 
surface in dispersed localities shows an abundance of points through 
which igneous products are now ejected, and the more extended 
the observation, the more certain does the inference appear correct, 
that the like has happened from the earliest times ; at least since 
the seas were tenanted by life. It has also been ascertained that 
fnolten matter has risen from beneath in more massive forms, and 
in a manner with which we arc not familiar, as now occurring, 
though such molten masses may, indeed, be formed at depths in 
the earth’s crust, whence only future geological changes could 
bring them above the level of the sea. At all events, this massive 
form of intrusion is found amid comparatively recent geological 
accumulations, as well as among those of the most ancient date. 

The mode of occurrence of the igneous rocks, which ^vill be 
found treated of in its place in the following pages, would seem 
to point to their classification according to their chemical and 
mincralogical characters, so that any resemblance or difference that 
may exist between them, may be traced through the lapse of geo- 
logical time, the relative dates of their appearance being obtained 
by means of the accumulations with which they may be associated, 
and to which relative geological dates can be assigned. Having 
entered upon these characters in the sequel, the following sketch 
of the more prominent of the igneous rocks may here suffice : — 

Granitic Hocks . — Tliose composed of a granular mixture of quartz, 
felspar (whether orthoclase, albite, or labradorite), and mica, with, occa- 
sionally, the addition of schorl and some other minerals. As tlio aspect of 
these rocks varies considerably according to original chemical composition 
or the mode of cooling, a great variety of appearances are assumed, to 
which names have been assigned. It thus becomes desirable that these 
characters should be given whenever it can be accomplished, and that the 
mere term granitic be accompanied by mineralogical detail, and b}’ a state- 
ment of the chemical composition, so that correct data may be colIecUni for 
a proper appreciation of the real differences and resemblances of the rocks 
commonly thus named. 

Felspathk Rocks . — The separation of these from the foregoing may often 
be regarded as somewhat imaginary, as indeed is the case with definite 
classifications of the great bulk of the igneous rocks, passing, as they some- 
times do, into each other in masses of no very extraordinary volume. The 
variety known as compact felspar is most frequently a compound of the 
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elements of some felspar, with a surplusage of silicic acid bej^ond that 
required for the silicates of that mineral, so that when opportunities have 
occurred for crystallization of the parts, the result has been a compound of 
felspar and quartz, or a jjegmatite^ as it has been sometimes termed, in 
that case a modification of the granitic rocks when the same minerals may 
alone constitute a portion of a general mass. The trachytes of active vol- 
canos and those termed extinct, and of comparatively recent geological date, 
may represent the more pure felspathic rocks, when wholly formed of 
felspars, though it would appear that similar rocks are also found amid the 
igneous products of very ancient geological periods. Felspathic matter, 
that is, the various component substances in proportions which would form 
minerals of the felspar family (allowing for that substitution of one substance 
for another, termed isomorphism)^ if crystallized, should at least constitute 
the great bulk of these rocks, whatever others may be entangled among 
them. 

Hornhlendic JlooJis. — These, including among them the rocks in which 
augite is substituted for hornblende, form a somewhat natural division, so 
far as the prevalence of these minerals may l)e sufficient to give a character 
to the mass of an igneous rock, inasmuch as silicate of lime is a marked 
ingredient, in addition to the silicate of magnesia, another essential sub- 
sfcince, and protoxide of iron, generally present, sometimes rejdacing much 
of the lime and magnesia. In this division, therefore, are included the 
dolerites and basalts of active and extinct volcanic products, and the green- 
stones, generally of more ancient date. In dolerites, silicate of lime is also 
present in the labradorite, when that member of the felspar family is 
mingled with the augite of that rock. Taken as a whole, the hornhlendic 
or augitic rocks are compounds of those minerals and some member of the 
felspar family, there being sometimes an excess of silica beyond the amount 
required for the vanous silicates in the hornblende or augite, and felspar; 
this excess, then, as it were, thrust aside as quartz. 

Serpentinous Eochs.— To a certain extent these also appear a somewhat 
natural group of igneous products, especially when viewed with reference 
to a peculiar aspect, and to the presence of silicate of magnesia (constituting 
the bulk of the rock) and combined water. In the sequel we have endea- 
voured to show the correspondence between the varieties of serpentine, 
considered the most pure, and olivine, a common mineral in certain molten 
products of active and extinct volcanos. The rocks of this division vary, 
however, somewhat materially in their constituent substances, and in the 
proportions of them. Taking hronzite to be the mineral usually named 
diallage, it would appear little else than the silicate of magnesia of the 
matter of the purer serpentine mingled with a minor proportion of protoxide 
of iron, and a little alumina, crystallized, a small quantity of water also 
forming a part of it. The mineral now chiefly named dwAlage contains 
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sufficient lime in addition to make it essentially a silicate of lime and 
magnesia, with also a marked quantity of oxide of iron. In the compound, 
sometimes largely crystallized, termed diallage rock (gabbro), and not unfre- 
quently associated with serpentine, the so-termed diallage has to be care- 
fully examined. In all these rocks, whatever their variations, magnesia is 
a marked ingredient. 

Forphyritic Rocks, — Though, no doubt, various kinds of mineral matter 
Vhich have been in a molten state may be porphyritic, that is, have some 
mineral or minerals crystallized out and apart from the mass of the remainder 
of the rock, it seems nevertheless convenient, for the present, to notice 
these rocks as a group. Even amid vitreous matter, from comparatively 
quick cooling after fusion, definite chemical combinations may be crystal- 
lized, and dispersed through such matter. This can be artificially accom- 
plished in our laboratories, and silicate of lime in crystals can be obtained 
dispersed through ordinary glass. In the arrangement of particles, beyond 
the vitreous condition, forming the compact and stony state, the porphyritic 
character is not rare among rocks ; crystals, such as those of felspar, being 
dispersed amid a base of compact mineral matter. When the latter is 
chiefly felspathic, the rock is usually known as felspar porphyry. In like 
manner crystals of other minerals are also thus dispersed amid a similar 
base, such as those of quartz and mica. The base or general mass of the 
rock is occasionally granular, such as a compound of felspar and hornblende, 
constituting greenstone, with dispersed crystals of felspar or hornblende, 
such base having thus advanced to a state of confused crystallization. 
These are usually termed greenstone pmphynes. In like manner certain 
granites become porphyritic, from separate crystals of felspar being scattered 
among the general compound, confusedly crystallized, and the rock is then 
called a porphyritic granite. Even serpentines become in a manner por- 
phyritic when crystals of bronzite or diallage are dispersed through a base 
of that rock. The apparent conditions are, that tlie chemical conqx)sition 
and the mode of cooling of the general mass are such that certain consti- 
tuent substances can combine and form separate and definite crystallized 
bodies, the remainder of the rock either not attaining the state when 
definite mineral compounds can be formed, or only doing so after the pro- 
duction of the first-formed minerals, and then in a confused manner, not 
interfering with the forms of the crystals first produced. 

With regard to the mineral accumulations derived cither directly 
or indirectly from the igneous rocks, and spread over areas of 
varied extent and form, by means of water, there is a large mass, 
more or less characterized by the presence among it of the remains 
of animals and plants which have existed at different periods, and 
so perishing, that portions of them, commonly only the harder 
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parts, have been entombed in the ininend nccuin illations of such 
different times. 

Observation has shown that these accumulations have succeeded 
one another, as tlie various detritiil deposits in lakes and seas now 
succeed those which have preceded them, s<.) that, >vhen the 
ancient sea or lake bottoms, wliich, elevati.‘tl into the atmosphere, 
now constitute so large a portion dry land, can bi' studietl irl 
cliffs or other natural sections, or by aitillcial cuttings or jn'Hnra- 
tions, their manner of succession can be ascertained. The more 
investigations have advanced, tlie more doc'S it apjK*ar that these 
organic-remain bearing, or fonitilifcrom rocks, a.s tluy liaM* Ihx'II 
termed, liave bc‘en dep»site<l and arranged as similar acx'umulutions 
now are in rivers, estuaries, lakes, and seas. Hence, the genlognst, 
in endeavouring to ascertain the range ol such lossllilerous deposits 
at any given time upon the earth’s suHaee, has to consider the 
relative amount and position of the land and waters of* that time, 
with all their modifying influences, as also the a arious conditions 
under which the life of the period may have been distributed, and 
its remains entombed amid the detrital and chemical deposits of 
the day. In fact, he has, from all the evidence he can collect, to 
suppose himself studying the state of the earth’s surface, at such 
given time, as well with respect to its physical condition as to the 
existence and distribution of life upon it. 

Viewing the fossiliferous rocks in this manner, it may be that 
some of those divisions among them, which it has been found 
convenient to make for their more ready description, and the 
tracing of certain states of a sea-bottom over minor areas, have 
been too minute, regarded as divisions applicable to the surface of 
the earth generally, since it is not to be supposed that particular 
mud or sand banks, however considerable locally, vrere more likely 
to have been formerly continued, even at intervals, over the 
earth’s surface than they now arc. At the same time such minor 
divisions, showing the constancy or modification of conditions, 
as the case may be, over the minor areas, are important, inasmuch 
as it is by a con'ect appreciation of this detail and the careful 
consideration of how much may be regarded in that light and how 
much as more general, that we learn the true value of the latter, 



INTRODUCTION. 


xxl 

ami the restrictions which should be placed upon our views derived 
from the former. 

Assuming the general condition of tlic earth’s surface during 
tlic nccumulutlon of the varied dcpo.rits in which the remains of 
animal and vegetable life have been entombed, to have been for- 
merly much as at present, regarding the subject on the large scale, 
and without reference, for the moment, to the variable distribution 
of land and water, or U» whether the heat in the earth itself 
may or may not, in remote times, have luid a greater influence on 
the life of t}n»se times tluin at present, the sea would appear 
Jiave Utm the chief receptacle of tlie various mineral accumulations 
of all pericnls, so that classifications of the fossil iferous nxrks, 
founded on a succession of de{X)sits in it, w^mld prolxibly be alike 
the most useful and natural. The manner in which miirine inver- 
tebrate animals now live, and tlie mode in which the remains of 
similar animals occur amid the fbssiliferous roc’ks, are such, that 
this division of life seems now very generally admitted as the most 
appropriate on which to base classifications founded on the distri- 
bution of animals, the remains of which are discovered entombed 
in rocks. We must refer to succeeding pages for notices of the 
manner in which tlie remains of life arc now preserved in mineral 
deposits, and for certain points connected with the occurrence 
of sucli remains in tlic accumulations of various geological dates 
which it appears desirable to bear in mind while studying the 
fossiliferous rocks, it will be sufficient here to mention that, after 
first duly ascertaining the actual relative superposition of the 
various mineral accumulations themselves for evidence of their real 
succession, and examining the remains of animal and vegetable life 
which have been found in them, it has been inferred that certain 
minor and major divisions may be effected in the general mass 
which shall represent the kinds of sea-bottoms marking given and 
succeeding geological times. Without, in the least, doubting that 
very great modification may be found needed in classifications 
based upon the examinations of even considerable areas, when 
an effective classification, representing the main facts connected 
with the accumulation and spread of fossiliferous rocks over large 
portions of the earth’s surface, may be necessary, it still becomes 
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desirable to have that which may satisfy the requirements for the 
time being. The following sketch, therefore, of* the general divi- 
sions at present considered desirable for the area of Western 
Europe, and supposed, in part at least, to be found also convenient 
for the mode of viewing the fossiliferous deposits in many other 
parts of the world, may be useful, especially as respects the major 
divisions. 


Stratified axd Fossiliferous Hocks. 


1. Tertiary, or Cainozoif. 

II. Secondary, or Mesozoic. 

III. Primary, or Palaeozoic. 

/. Tcrtian/f or Cainozuic. 

{ a Mineral accumulations of the i>iesent tiiue. 
h Pleistocene. 
c Pleiocene. 

B. Middle ..... a Miocene. 

C. Lower a Eocene. 


A. Cretaceous Group . 


B. Marine ecpiivalcuts of 


ir. Bccoivi-ary^ or Mesozoic, 
a Chalk of Maestricht and Denmai k. 
h Ordinary chalk, with and without flints. 

0 Upper Green Sand. 
d Gault. 

e Shanklin Sands, Vecten, Neocomian, or Lower Green 
. Sand, 

ia ealden clay . , \ OrtTinic remains in these are of a 

1 6 Hastings sands . > fluviatilc, lacustrine, or estvnuy 
[c Purbeck series. . J chara^ki.* 


C. 


Jurassic or Oolitic Group ; 


' a Portland oolite or limeslone.’t 
6 Portland sands. 
c Kimmeridge clay. 

d Coral rag, and its accomjmnying grits. 

' c Oxford clay, wdth Kelloways rock. 

1/ Combrash. 

I g Forest marble, and Bath oolite. 
h Fuller’s earth, clay, and limestone. 
t Inferior oolite, and its sands. 

Lias, upper and lower, with its intennediak inarlsLujc. 


* The recent researches of Professor Edward Forbes among the Purbeck series have 
fully illustrattsl the prudence of not trusting to fresh-water molluscs as charackrizing 
particular divisions in deposits, at least those ranging downwards to tliat )»art of tlie fos- 
siliferous series, he having ascertained that it miuired most careful critical examination 
to distinguish the fresh-water shells of that series, as it occurs at Purbeck, from those of 
certain existing fresh-wakr molluscs in England and j»art of Euroj»c. 
t The mmor divisions of this group liave been given with reference to those usually 
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/). Trias Croup* 


'a Variegated marls, Mames Iris<^es, Keuper. 
b Muflchelkalk.f 

,c Red sandstone, Grfes Bigarre, Bunter sandstein. 


A, Permian Group • • 

7^ Marine equivalents of J 


C. Carlmniferous 
Group, 


limestone 


/). Devonian group 


Silurian Group 


F. Cambrian Group 


m. Primary^ or Palccozoic. 

a Zeclistein, Dolomitic or magnesian limestone. 
h Rothe todte liegen^le, lower new red conglomerate and 
sandstones, CJri*s Rouge. 

a Coal measures, Terrain Ilouiller, Stein Kolilen Geberge. 

a Carboniferous and mountain limestone, with its coal, 
sandstone, and shale beds in some districts. Calcaire 
carhonif^re, Bergkalk. 

h Carboniferous slates and yellow sandstone. 
a Various modifications of the old red sandstone series. 

I a Upper ; Ludlow Rocks, Wenlock shale and limestone, 
Woolhope Limestone. 

h Middle ; Cai-adoc sandstone and conglomerate. 
c Lower ; Llandeilo, Bala and Snowdon beds. 

n Bamouth sandstones, Penrhyn slates, Longmynd rocks, 
&c. Various rocks subjacent to the Silurian series in 
Wales and Ireland. 


employed in England for the sake of English observer^ Many modifications have been 
shown to be effected in other European countries. Of these divisions those of the Oxford 
clay and lias would appear much extended. 

* The Trias and Permian groups afford an example, as regards the British islands, of 
a classification tiiken from organic remains in preference to the mode of occurrence of the 
rocks themselves, these groups here constituting parts of a general series of deposits with 
a somewhat marked general character, known as the new red sandstone. Cei*tain general 
physical conditions were prevalent during the accumulation of these deposits in Great 
Britain, and certain portions of Western Europe, at the time that a modification in the 
life of the period was apparently effeefed in the same area and those adjacent to it on the 
north and ea.st. 

f In the collections lately brought to England by Captain Strachey, Bengiil Engineers, 
after an examination of the Himalaya range, the fonns of certain organic remains from 
the Thibet side of tliose mountains remind the geologist of those found marking the Miis- 
clielkalk of Gennany ; an intei-esting circumstance, considering the range of that rock in 
Europe. 

X When the great thickness of these deposits in Europe and America is oonsuh'ivd, it 
becomes very desirable to find their marine equivalents, inasmuch as the conditions 
Tinder which the great mass of these coal measures has been accumulated, as has been 
iioticed"in the sequel, could scarcely constitute other than minor parts of those generally 
prevailing at the time. It is easy to conceive, as has indeed been done, that their marine 
equivalents might contain either the organic rem.ains usually found in the deposit beneath 
them in jiarts of Western Europe, or those found in the gi*oup above them, or a 
mixture of both. In Northern England the alternations of conditions by which coal beds 
were included in the carboniferous limestone series, did not interrupt those for the 
existc'uce of a marked kind of marine animal life in the same localities. 
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Altered or Metamorphic Rocks. 

With the classification of detrital and chemical accumulations, 
effected by the' aid of water, and of earlier geological date than 
those last mentioned (the Cambrian), there are many difficulties. 
Indeed the limits which may be assigned to the latter, in descending 
order, are, in the present state of our knowledge, most uncertiiin. 
In the district of the Longmynd (Shropshire) the Cambrian group 
attains a thickness of 26,000 feet, almost entirely composed of 
detrital deposits. The same group, as exliiblted in North Wales, 
not only presents a considerable depth of similar accumulations, but 
also shows, by pebbles in its conglomerates (vicinity of Bangor, Llan- 
beris, &c.), that sands were firmly cemented into sandstones, and 
these ground into shingles, by water action, prior to the production 
of such conglomerates. These conglomerates, which also contain 
rounded fragments of* hornblendic and felspathic Igneous rocks, of* 
a general character similar to those subsequently vomited forth in 
the same region amid the Silurian deposits, may only constitute 
portions of a series in the same manner that many other con- 
glomerates are included in groups of rocks bearing given names ; 
in fact, be the beaclies of different portions of tlie time required 
for the whole deposit ; yet they, with tlie muds, silts, and sands of 
the period, become important as pointing to causes in action at 
that time similar to those from which the like accumulations have 
been effected in after geological peri^Kls. Thus, as far as researches 
have yet gone, we do not arrive at physical conditions diflering, 
as regards the production of detrital mineral accumulations, in 
any essential manner, that can be determined, from tliosc which 
have afterwards influenced the accumulation of* similar kinds of* 
mud, silt, sand, and gravel, whether now constituting liard consoli- 
dated rocks, or found in a state more resembling that in wliicli they 
were originally formed. 

The aid to the classification of rocks, once supjiosed in l)e derived 
from certain of them liaving a crystalline or semi-crystalline asjxjct, 
yet still preserving a general stratified arrangement ol' parts, 
various modifications of them bearing distinct names, such as 
gneiss, mica slate, and others, is now well known to be unsatlsfac- 
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tory, inasmuch as such rocks have been ascertained to be of 
different geological dates. Whenever any heated mass of igneous 
rocks has been thrown into juxtaposition with detrital accumula- 
tions of various kinds (mud, silt, sand, or gravel), the conditions 
under which the latter are then placed become favourable for the 
modification of their component parts. Various circumstances, 
heat being regarded only as one of them, then so act that, besides 
a tendency of similar matter to gather itself together in irregular 
forms, particles can often so freely move and adjust themselves, 
that even minerals of distinct diameters are formed, rarely, and 
sometimes not hitherto, discovered amid any other tlian these 
modified or altered rocks. As such modifications or alterations 
would be expected to depend upon the general chemical character 
and physical structure of tlie deposits acted upon, these minerals 
are found to be combinations of the substances which could readily 
move and unite in a definite manner. Thus, the altered nxjks 
afford such minerals as andalmite (especially a silicate of alumina, 
the base of clays), chiastolite (another mineral, in whicli silicate of 
alumina is the chief ingredient), cyanite (another form in which 
the same substance is essential), staiirolite (where silica, alumina, 
and peroxide of iron are required), and the garnet^ with all its 
differences arising from isomorphism, and in which silica may be 
prominently combined with alumina or iron, magnesia or lime, as 
the case may be. While minerals of such kinds could be developed 
in these altered rocks, we should also anticipate that micaceous 
and siliceous sands or sandstones, as also those in wliich frasr- 
mentary portions of felspar were mingled, and especially when the 
latter were not decomposed, would be much modified by a free 
movement of certain substances. We might expect much v^hlitera- 
tion of the grains of the sand, a disposal of the silica in j»lanes, 
either of original deposit or of cleavage, should that have been 
effected in the rocks acted upon, as also that the micaceous and 
fclspathic portions might be more gathered together in places, and 
even readjusted in crystals, since we know, as regards the solution 
of the component matter of such minerals, that in some veins 
evidently filling fissures, quartz, mica, and felspar are found either 
alone, or mingled with other minerals in a manner pointing to 
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their production from solutions, their component parts derived 
from the adjacent rocks. 

The like circumstances acting upon more simple substances, 
formed into beds of rock, such as limestones, and the combinations 
of ordinary calcareous matter with carbonate of magnesia in various 
proportions, would necessarily also produce modification in the 
arrangement of the component particles, a confused crystalline 
adjustment of them being effected, such as that seen in statuary 
marble, when conditioiis were most fiivourable. When these 
bodies were less pure, mingled with detrital matter of the ordinary 
kinds, the circumstances would be favourable to tlie development of 
difierent mineral substances, such as garnets and others,* amid the 
general mass. Looking at the varied modes in which detrital and 
chemical accumulations liave been formed, and tlie different manner 
in which they can be acted upon by the influences noticed, citlicr 
on the minor or large scale, the general result could scarcely be* 
otherwise than of the most varied kind. To attempt, therefore, a 
classification of these modified or altered rocks relatively to geolo- 
gical dates, would be obviously useless;. 

In considermg rocks of thi> kind it is needful also to hear 
in mind the general conditions under which beds of detrital or 
chemical deposits may be modified, or altered from tlieir original 
state of accumulation, by otlier conditions tlian tliose ol‘ the contact 
or juxtaposition of mineral matter in a state ol’ igneous fusion. 
Independently of chemical changes effi'cted ]>y the arrangement of 
tlie substances in difierent states of combination, adjusting them- 
selves according to their affinities and the conditions under wlii(!li 
they are then placed,! the circmnstances wliich would ari.M* when 


♦ III this manner crv.stals of quartz h.ive b^en .sonietiinev |)ro<iur<M| lu borl.s of statuary 
marble, as, for example, that of C'arraia. 

f We find quartz rocks ftliat is, {.'rains of quartz, aez-nmulafed as sands, and firmly 
fjeinented together by silica, the separation of the old surfaces of the sand-grains from the 
siliceous cement sornetime.s ohscure) a.s the continuation of (udinarv be<ls of quartzose 
sandstone, the latter ^ometiIneh slightly consol idaUtd, and have simply to infer, to account 
for the facts observed, hilica infiltrated so as to consolidate the beds more in certain situa- 
tions than in others, ^mb quartz rocks have often been sup]>osed ** altertsl or meta- 
morpliic’ in the sense uswl for some of the same genera] aRjiect acted upon, with others, 
hy juxtapo»e<l igneous maitei w'hich !iad l>eeii in a fuseil state from lieat; w'hereas tliey 
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such beds of rock were deeply buried beneath great accumulations 
of mineral matter, have to be carefully considered, if the tempera- 
ture increases in the manner usually inferred as we descend 
beneath the surface of the earth, even to moderate distances. 
Huge masses, representing former wide-spread portions of the 
earth’s surface, might thus be placed under conditions similar 
fo those which produce mcxiification and alteration when igneous 
matter rises from beneath and is forced amid or against detrital and 
chemical deposits. When again upheaved, as we know great and 
wide-spread masses of rock have often been during the lapse of 
geological time, it would be anticipated that similar matter, acted 
upon in a similar manner, would present like results, and there 
is much reason to consider that such influences have been the 
causes of the modification and alteration we sometimes find. 

By carefully regarding altered or metamorphic rocks on the 
large scale, and with reference to all the conditions under which 
they may be produced, they are found to constitute a mass of 
mineral matter of much importance, showing us, in their most 
crystalline readjusted state, the extremes to which such matter 
may be modified without the mingling of parts inferred when in 
a state of igneous fusion. Igneous rocks themselves are often 
modified, their component particles having, as it were, striven 
to adjust themselves in a perfect manner as in the detrital and 
chemical deposits. Thus, ordinary greenstone can be sometimes 
observed to have its component minerals, hornblende and felspar, 
presenting the aspect of the rock known as Jioniblendc ruck, and 
beds of similar matter, either abraded from solid greenstones or 
vomited forth as ashes, and arranged in beds by the ageiuy of 
water, to become the rock known as horublende slate. Thus, then, 
without attempting to classily these modifications and alterations in 
the arrangement of the component pai’ts of detrital, chemical, and 


are merely more firmly cemented and purer quartzose or siliceous modifications of com- 
mon hard grits, dispersed amid soft marls and shales in so many deposits. Again, the 
original crystalline accumulations of more chemically-formed beds have to be duly regarded, 
and separated from the “altered or metamorphic rucks” under notice, as we know that 
even confused crystalline deposits have been Uius producetl. 
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even igneous accumulations, geologically, as regards relative dates, 
they still, to a certain extent, constitute a class very convenient 
for investigation, it being always borne in mind that it is de- 
sirable only so to regard them, in the present state of our 
knowledge. 
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CHAPTER I. 

DECOMPOSITION OF ROCKS.— FORMATION OF SOlUS. — DECOMPOSITION OF 
GRANITIC ROCKS. — DECOMPOSITION OF SANDSTONES AND LIMF.STON I-IS. — 
INFLUENCE OF STRUCTURE AND ORGANIC REMAINS ON DECOMPOSITION. — 
DECOMPOSITION OF ROCKS CONTAINING IRON. 

As geological knowledge advances, the more evident does it become 
tliat we should first ascertain the various modifications and changes 
which now take place on the surface of the earth, carefully con- 
sidering their causes, and then proceed to employ this knowledge^ 
so far as it can be made applicable, in explanation of’ the geological 
accumulations of prior date. This done, we should proceed to 
view the facts not thus explained, with reference to the conditions 
and arrangements of matter which the form of our pUinot, the 
known distribution of its heat, the temperature of the surrounding 
space, and other obvious circumstances, may lead us to inler would 
be probable during the lapse of’ geological time. 

The geological observ^er cannot be long engaged in liis researches 
before he will be struck with the tendency of rocks to dccoin|Kisi' 
by the action of atmospheric influences upon them. He will si»on 
perceive that this decomposition is both ohemical and mechanical ; 
that certain mineral bodies more readily give way before these in-i 
flucnces than others; and that from altered conditions, as regards; 
such influences, the same kinds of rock will more easily decompose ^ 
in one situ ation than in another. 

it is in consequence of this decomposition that we have soils 
supporting that growth of vegetation upon which animal life 

B 
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depends ; for soils are but the decomposed parts of more or less 
consolidated sea or lake bottoms and of igneous accumulations, 
with the remains of‘ the vegetation wliich has grown on them, and 
of the animals which have lived upon the plants. From the varied 
configuration of surface the decomposed portions of rocks, forming 
soils, may not always cover those from whence they were derived, 
for they may and sometimes have been carried, mechanically sus- 
pended in water, to various distances, and there deposited, in sul:h 
a manner as to be mingled with the decomposed portions of other 
rocks, or wholly cover over the latter. Be this, however, as it 
may, the decomposed parts of rocks form the base of the soils, 
affording soluble mineral matter to the plants requiring it, and 
presenting a physical structure capable of supporting their growth. 

The decomposition of rocks, in its various stages, will require 
much attenti(jn, so that the observer may properly classify the fiicts 
coming within the range of his researches. Among rocks of 
igneous origin, such as granites, greenstones, and the like, he will 
find that the decomposition of febpar is among tlie chief causes of 
the disintegration of the igneous masses of which this mineral may 
form a part. It would be out of place here to enter upon the 
composition of the various minerals of the felspar family it 
will be sufficient to refer to those pirtions of them which are soluble, 
such as the silicates of potash or soda, as the case may be. These 
silicates, from the action of carbonic acid in the atmosphere, derived 
from the decay of vegetation, or brought into contact with them 
by waters containing it in sufficient abundance, are often readily de- 
composed. The particles once loosened by decomposition, and 
some of them carried off in solution, rains and changes of tem- 
perature, particularly in regions visited by frc»sts, act meclianically, 
and the surfa^ of the rock, under favourable conditions, is removed. 
From a repetition of these causes the rock becomes decomposed to 
vario^ depths, according to circumstances. In cases where tlic 
remaining portions are either too large or so situated as not be 
readily carried away, a coating of the disintegrated insoluble part 


• The four minerals of this family which chiefly enter 
are orthoclaae, albite, labradorite, and oligoclaBe, the 
of which may be regarded as follow s 


into the composition of mrkst 
general ehcmicai composition 


Silica. 

Orthoclaae 65*4 
Albite . 69*3 

Labradorite 33*7 
Oligoclaae 63 


Alumina. 
18 
19* 1 
29-7 
24*9 


a. Including n little .odn and Umc. b. In part often reptaced by lime or'potaeh. 
c. v^ommonly, also, containing potash and lime. 
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remains, and to a certain extent protects the solid rock beneath 
from that decomposition which it would otherwise liave suffered. ' 
In many granitic regions ample opportunities are afforded of’ 
observing the amount of decomposition thus produced ; high tors 
or bosses of rock rising above a surface in a decomposed state 


Fig. h 



(fig. 1), while hard masses, liaving the falla cious appearance of 
boulders, rounded by attrition, are sometimes included in the loose 
decomposed granite, as represented beneath (fig. 2). 


a 

b 



This illustration is taken from part of the road between Oke- 
hampton and Moreton Hampstead, Devon, a represents the vege- 
table soil ; h decomposed granite ; c e solid rounded masses of un- 
decomposed granite, included in the decomposed part ; and d d 
solid granite. 

In such a section as this, great care should, however, be taken 
to ascertain that c c are not transported boulders of granite, in- 
cluded in smaller granitic gravel, as sometimes happens with 
granitic drift, near the sources whence it has been derived. 
Fortunately in this case the observer would be assisted by the 
presence of large crystals of felspar disseminated througli all parts 
of the rock, both decomposed and undecomposed, and which are 
beautifully preserved, remaining uninjured in their forms and in 
their relative positions throughout the decomposed granite. 

In granitic regions, sections such as that beneath (fig. 3), in 


Fig. 3. 



which a represents the vegetable soil, as it is commonly termed, 

B 
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h the decomposed, and c the solid granite, are not unfrcqnent. 
Sections of this appearance should, also, be carefully examined, and 
it be clearly ascertained that the granitic p.^iclss at b are of the 
same kind, and in the same general relative positions, as those at c, 
and that there can be no chance of their having been brought into 
their present position by moving water. The quantity of trans- 
’ ported granitic matter around granite districts, as also among them, 
is sometimes so considerable that a superficial deposit of granitic 
i particles, covering a very different kind of rock, may, without due 
care, be readily mistaken for a mass of decomposed granite. In 
the same way the remains of the rock of one part of a granitic 
region may be removed and cover the rock of another portion. 

Among those igneous rocks in which hornblende* fonns a 
marked component part, it sometimes happens that tliis mineral is 
also disintegrated. 

In the decomposition of the igneous rocks chiefly composed ol 
fekpar and hornblende, when the former mineral prevails, the 
' surface of these rocks has usually a white aspect, the soluble silicates 
, of soda or potash, as the case may be, being removed, and a crust, 

1 principally formed of silicate of alumina remaining. Where horn- 
blende much prevails, a brownis h and^eddish surface is common, 
the protoxide of iron of that mineral having been converted into a 
peroxide. 

Rocks in which the felspar and hornblende have both been 
decomposed, are in some situations thickly coated with a loose 
covering. The variable manner in which a mass of igneous rock 
that has been placed under equal atmospheric conditions may have 
l^en unequally decomposed, will often afford an excellent illustra- 
tion of the original differences in it, arising not only from a varia- 
jtion in the component parts, but also from the modified manner of 
' their aggregation, in consequence of differences in cording. 

Some veins or dykes, as well of granitic as of other igneous 
rocks, afford excellent examples of’ their variable power of‘ resisting 
the same order of decomposing influences according, chiefly, to the 
differences arising from modifications of cooling. Some granitic 
dykes, or elvam^ as they are termed in Cornwall, show, as in the 
following section (fig. 4), an amount of decomposition gradually 
mcreasing towards the central portion. In this section aa, bb, and 


“ essentially composed of silica and of lime and maipiesia, in variable 
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c represent, the different parts of a granitic dyke, or dvan, traversing 
slate rocks, d d. Assuming, in this case, that the elementary com- 

Fig. 4. 



a b c b a 


ponent parts of the dyke were originally the same, and that the 
differences found have arisen from variable cooling, as it is now 
well understood has frequently been the case, the decomposition 
has been effected according to the facility with which certain 
portions could be attacked by atmospheric influences and be sub- 
sequently removed. The two outward parts of the dyke (a a) are 
considered to be composed, as often happens, of a hard siliceous 
rock, the elements of the granitic matter having taken that form 
from comparatively quick cooling, so that this modification of 
it has resisted decomposition better than the rest. At b b, inside 
the hard rock, another modification, arising from more slow cooling, 
is supposed to exhibit a porphyry, some mineral, veiy frequently 
felspar, crystallizing out amid the base, itself less compact than the 
preceding variety. Not unfrequently in such cases the felspar is 
decomposed, and the insoluble portions even removed when directly 
exposed to the atmosphere. Still proceeding inwards, the rock 
becomes more and more granitic, until, finally, the central portions 
are well crystallized, and then exposed to the full action of the 
decomposing influences. 

We often thus find, within a short distance, a good example of 
variable decomposition arising from differences in physical structure, j 
the chemical composition of the mass remaining the same ; a variation 
very instructive, since it enables the observer readily to appreciate 
the inequalities of surface which, in many regions composed of the 
same kind of igneous rocks, arise from changes in physical structure 
alone, some variations having better resisted decomposition or 
abrasion than others. At the same time he should carefully study 
the modifications in hardness, and the capability of resisting de- 
composition arising from changes in chemical c<.)mposilion, such, 
for instance, as those observable among the granites which occasion- 
ally graduate into schorl rock, in Devon and Cornwall.* 


* Tho following may bo token as an estimatci! general view of the chemical 
difference between common granite, composed of two>tiftli8 of quarU, two-fftths of 
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Of the curious forms assumed by granitic rocks from variable 
resistances to decomposition, those named the Kettle and Pans, at 
St. Mary’s, Scilly (fig. 5), may be taken as a good example.* 


Fig. 5. 



While rocks of a generally similar chemical composition, such as 
those above noticed, are found to decompose in a variable manner, 
according to the different aggregation of their component parts, it 
jvould readily be anticipated tliat any rocks formed of different ma- 
'^rials, brought together as sands and gmvel, and subsequently con- 
solidated by some cementing substance, would be Ibund to decomj>ose 
irregularly and according to tlie different powcTS of their component 
parts to resist the chemical and mechanical influences to which they 
may be exposed. It will soon be perceived tliat, taken generally, 
the cementing matter of sandstones and conglomerates decomposes 
fir^t, liberating the grains of sand and the pebbles, that have 
originally remained such from their hardness, and which arc thus 
ready to be again carried by moving waters to other situations, 
there to form tlie parts of new accumulations. The rapidity ol‘ 


orthoclase, and one fifth of mica, and schorl rock, sup])os(Ml, for illustration, the pro- 


portions varying materially 


to be formed of equal parts of schorl and quartz : 


Silica 


Cranite. 
74- S4 

Schorl Itock 
f.K-Ol 

Alumina . 


12-80 

17*91 

Potash 


7-48 

0-.3r) 

Sf>da 



0-98 

Lime 


Od7 

014 

Magnesia . 


o-yi» 

2*22 

Oxide of iron . 


1-93 

C-Hf) 

f>xide of manganese . 


0-12 

0*81 

Fluoric acid 


(»*21 


Boracic acid 



1-79 


* Though the true origin of tlie ‘*itock WasiiiK,*’ as they have l>een termed, is in 
general sufficiently clear, it may often have hap|>cned that, owing to a cofivonloiit 
situation, the Druids may have employed them for their purposes, either M they 
naturally occurred, or were artificially modific<l. 
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decomposition in such cases necessarily varies according to the 
natur e, pi!- ihe cementing substance. A calcareous cement, though 
hard, will more readily give way before the chemical influences 
acting on limestones than ordinary siliceous matter, though the 
latter may be less compact ; while a siliceous cement, if porous, may 
be more easily removable by the combined action of frost and thaw. 

The hardest limestones, even those termed marbles when crys- 
talline, will be observed to decompose on .tlieLSurfece.* The action 
is necessarily variable and dependent on the diflerent resisting ' 
powers of the rock, on the one hand, and the exposure to the t 
needful decomposing influences on the other. A crystalline and 
calcareous vein, running through an ordinary limestone, will often 
be seen standing out in salient relief, the ayrangement of particles 
in the crystalline form, notwitlistanding that the carbonate of lime 
is then generally more pure than in the body of the rock, being 
better able to resist atmospheric influences than in a less definitely 
arranged position. 

Upon further examination it is perceived that not only the crys- 
talline ’s eins thus protrude upon the surface of* the limestone rocks, 
but that many an organic remain does the same, and, in some 
instances, a limestone is only clearly diotinguished as fossiliferous I 
by this kind of decomposition, the common internal fracture ill 
exhibiting the fact. That this harmonises with tlie comparatively 
undecomposed condition of the crystalline vein becomes apparent 
when we examine the structure of these organic remains. The 
shells either retain to great extent the original crystalline or other 
definite arrangement of their parts, so essential to their well being 
when the animals of which they once constituted the hard portions 
were alive, or having been decomposed in the body of the DK'k during 
the lapse of time, the empty spaces, (or casts, as they are commonly 
termed) have been filled with crystalline carbonate of lime, which has 
percolated in solution through the pores of the rock into the CRvlties.t 

By this kind of decomposition we often learn that many a 
limestone is really little else thim a mass of organic remains cemented 
by a minor quantity of chemically deposited carlxmate of lime. 
Some of the hardest limestones aftord excellent examples of this 

* This is often well shown in colleetions of antique marble statues. 

t It was considered useless further here to remark ou the composition of organic re- 
mains. It may, however, be noticed that the bones and teeth of fish, reptiles, birds, 
and mammalia have been often secured from removal by their composition, that 
into the cavities left after the original decomposition of shells other less soluble sub-\ 
stances than carbonate of lime have been infiltrated, such for example as into thel 
cavities of the Gryp/uea incurra and other shells, in the lias of Glamorganshire, where 
silica has replaced the original matter of the shells. 
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fact. The beds of carboniferous limestone of England, for hundreds 
of feet in depth, are occasionally found composed of little else than 
the disint^rated joints of encrinites, mingled with shells and a 
few corals.* 

By the aid of decomposition we not only learn that many lime- 
stones are little else than such accumulations of the harder parts of 
molluscs and other creatures, many of which have lived and died in 
^ the places where we discover their remains ; but we also find re- 
\ vealed the arrangements of the component parts of rocks, as well 
igneous as accumulated by means of water, which do not other- 
wise appear, arrangements of parts exceedingly important when we 
study the original manner in which rocks have been accumulated, 
or the modifications and changes Ui which, during the lapse of 
geological time, they have been subjected, f Many a sandstone, 
well weathered^ as it is termed, will exhibit as beneath (fig. 6), a 

Fig. 6. 



ljuueycombed and irregular apjxjarancc, arising from the diflercnt 
character at parts of the cementing substance, cither original or 
subsequent to the accumulation of the rock, as the case may lx\ 


This fact may be well studied, among other localities, on the southern coast of 
Pembrokeshire, where the cliffs afford excellent opportunities of observing tlie mode 
in which the materials of its carboniferous limesU>ue have been accumulaUxl. 

t As regards the weathering of calcareous rocks, it can be seen to great advantage 
on part of the shores and amid the islands of the Lake of Killarucy, where the car- 
boniferous limestone is hollowed into most fantastic forms. A well-known and 
strangely-formed rock, standing out into the Great l>akc, luiown as 0*I>onaghuc's 
Horse, and which so well illustrated this decom|icisitioti, was uufortuiuiicly thrown 
down by the action ol the fresh>water breakers upon It in IS.'il. Carbonic acid in the 
ti aters of the Lake, near its surface, has acted very conspicuously in this locality. 
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and many another structure, also of importance, such as the concre- 
tionary structure of some igneous rocks, then alone becomes' 
apparent. We should, for example, probably be ignorant, without 
weatfiering, of this arrangement of parts in the granitic or elvan 
dyke,* a a, cutting through slates, b b, at Watergate Bay, Cornwall, 
and figured beneath (fig. 7 ). 

Fig. 7. 


a 



The division of rock masses by cleavage greatly aids their 
decomposition, smee it renders them slaty, when this would not 
happen from any original accumulation of sand or mud in thin 
layers, one above the other, and the like arises from those separations 
in planes, named joints^ more distant from each otlier, and which 
witli the cleavage planes will be further considered in the sequel. 
By these means water more readily percolates through many rocks 
than it would otherwise do, and thus a greater amount of soluble 
matter may be attaekedXthan would otherwise have happened in the 
same time. 

Many hard rocks break up superficially in a manner showing 
little symmetry of form in the fragments, so much so that their shape 
seems more due to the irregular action of decomposing influences, 
than to differences of resistance from original structure. A com- 
pact limestone or hard sandstone may often be seen broken up 
beneath the soil, in the manner exhibited in the accompanying 
section (fig. 8), in which a represents the vegetable soil, c c? a hard 



limestone or sandstone, and b b Ihqjments of* the same rock, largest 


This ilyko is a compound of quarts, felspar, and mica, oontalning disaemlnated 
crystals of felspar 
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towards c <?, and evidently having constituted portions of the sub- 
jacent highly inclined beds, while the upper fragments are smaller 
and more confusedly mixed, though still angular. It sometimes 
happens when the rock, so broken up, is a sandstone that the 
I chemical change of iron in the cementing matter subsequently to 
! the formation of the fragments, is well seen. Upon breaking these 
^fragments, sections, as beneath (fig 9), will often present themselves. 

Fig. 9. 



A central portion remains unchanged, surrounded by irregular 
zones (i J), commonly of a brownisli red, arising from chemical 
action, by which the protoxide of* iron has been converted into a 
I peroxide. Similar changes of the protoxide of iron into the per- 
’ oxide, are observable among the argillaceous limestones, such as the 
,lias, and are indeed sufficiently common. 

In some very earthy limestones, wJiich may rather be considered 
to have been once silt, higliJy impregnated with calcareous matter, 
the disappearance of the latter in the higlier parts of the rock, even 
to many feet in depth, has been so complete, and the peroxidation 
of the iron so extensive, that a rusty looking porous substance alone 
remains. Among some of the older accumulations such a rock may 
often be seen, and be fbimd the only means by whicli beds, liere and 
there containing a larger per-centage of* carbonate of lime, can be 
traced or connected. Among the older rocks also, many a layer 
of a rusty colour shows a total disappearance of the carbonate of 
hme of the numerous shells which once constituted the bulk of tint 
layer, their c^ts, or the spaces which they once filled, alone 
remaining, while the iron contained in the mud or silt which 
first enveloped them, has been converted altogether into a per- 
oxide. ^ 

While thus the iron contained in many roeb exhibits a gradual 
change to a peroxide, many red marls and sandstones show an 
alteration from the peroxide of iron, giving a general red tint to 
these deposits, to a protoxide. Beneath the vegetation, and by the 
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sides of natural joints the red colour will be seen converted into a t 
green or bluish green, the change being due to the effects of decom- 
posing vegetation, which has robbed the adjacent peroxide of iron . 
of a portion of its oxygen. This is a point of much interest when 
we study the cause of the streaks of green or bluish green amid the 
red marls and sandstones of different geological ages, and which 
have probably arisen from causes in operation at the period when 
th% whole lias been accumulated. When we examine into the 
variations and modifications of colour arising from the present 
effects of decomposing vegetation, the old changes have to be care- 
fully separated from the modern, since both are sometimes 
exhibited in the same sections. 

The observer must be careful, in his estimate of the amount of 
decomposition which rocks may sustain from atmospheric influences, > 
duly to consider the power of vegetation to prevent, assist, or 
otherwise modify it according to circumstances. Vegetation may . 
prevent decomposition, by presenting a certain barrier to the effects 
of sudden frosts and thaws ; assist the action of rains by keeping 
the higher parts of rocks more permanently wet than they would 
otherwise be ; or greatly modify it by the various effects produced by 
the kind of plants which may cover the land at given times ; for a 
portion of country covered by forest trees would be differently cir- 
cumstanced, as regards the probable decomposition of the rocks of 
which it is formed, than when the same portion was either broken 
for tillage or spread over with pastures. 

As a whole, the study of the decomposition of rocks is one of 
much importance, since by it we learn a variety of facts connected 
with the original accumulation of mineml masses, with which other- 
wise we should be unacquainted, and at tlie same time it often 
teaches us properly to appreciate the changes and modifications 
which have occurred since such original accumulation, it enables 
us to form a correct judgment of the amount of matter which may 
thus be prepared for removal and for accumulation elsewhere. We 
see causes and effects that have been in operation whenever land 
arose from beneath water into the atmosphere, however modified 
these may have been by alterations of conditions, such as those now 
found between the tropics, and in the arctic or imtarctical regions, 
or which may have taken place in the atmosphere of our planet 
from its earliest state. 



CHAPTER 11. 


REMOVAL OF SOLUBLE PARTS OF ROCKS BY WATER. — TRAVERTINE AND 

CALCAREOUS BRECCIA. — CHLORIDE OF SODIUM IN SPRING WATERS. — 

SILICA IN WATER. — HOT SPRINGS. — SPRINGS ON THE OUTCROP OF BEDS. 

— SPRINGS FROM FAULTS, — CAUSES OF LANDSLITO. 

As spring waters are not pure waters, but hold different sub- 
stances in solution according to circumstances, and as it is evident 
that at least, the bulk of such waters are only rains which have 
percolated through rocks, and variably pour out again according to 
conditions, the substances so in solution must have been removed 
from the rocks. However small the soluble matter found in any 
single spring may be, on the average, collectively its amount is 
considerable, particularly when we regard the changes which rocks 
must have undergone from this cause alone during the lapse of any 
geological time, when circumstances may have thus permitted the 
removal of soluble matter from any given mass of them. 

With the removal of lime as a bicarbonate we arc commonly 
f a mili a r , since by the loss of the excess of carbonic acid required to 
retain it in solution, this substance is thrown down in different 
forms varying from a simple incrustation upon vegetable matter, or 
upon stones or rocks, amid or over which water containing it may 
flow, to hard and compact limestones, some taking a crystalline 
form, as is frequently so well shown in the beautiful stalactites and 
stalagmites of many caverns in limestone countries. It is no un- 
common thing in calcareous districts to find the fragments of lime- 
stones which have been detached from faces of rock by atmospheric 
influence, firmly cemented together, as a breccia, by carbonate 
of lime, left by the waters which have percolated through them. 

In the calcareous countries of the tropics, where evaporation is 
more rapid than in temperate climates, the deposit of carbonate of 
lime may often be studied with much advantage. Heavy rains 
Ming anud a mass of vegetation, the decaying parts of which fur- 
nish the needful carbonic acid, carry this with them amid the beds, 
joints, and caverns of the limestones ; carbonate of lime is thus rc- 
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moved, and when the waters agsdn emerge charged with bicarbonate 
of lime, and are exposed to the heats of a tropical sun, incrustations 
are formed in the shallow and slow-moving portions of the streams. 
Trees may even thus become imbedded by the shifting course of 
the waters, as is well seen at the Roaring River on the north side of 
Jamaica, where waters containing much bicarbonate of lime, after 
leaping over a cliff, run roaring amid a forest, the lower portions 
of lihc trees of which they encase with carbonate of lime, and shift 
their channels as new accumulations compel them to fdttow a new 
direction. 

In shallow sheltered bays also of tropical coasts, to which water 
containing calcareous matter may slowly find its way, the solution 
becoming thus highly concentrated by evaporation as it flows on- 
ward, opportunities are occasionally afforded for observing the 
formation of the little rounded grains of calcareous matter in con- 
centric coatings, termed oolites, a slight ripple being sufficient to 
produce a to-and-fro motion on the beach on which the calcareous 
matter is being deposited. Upon breaking these calcareous grains,: 
sometimes a fine particle of common sand, or broken shell forms 
the nucleus, at others it would appear that a simple particle of the 
calcareous matter itself, before it became attached to any other 
solid substance, was sufficient; for the purpose. 

Though many countries show deposits of carbonate of lime from 
waters flowing over them, parts of Italy have so long been remarked 
on this account, that the name travertino has not unfrequently been 
given to such accumulations."^ This deposit has also a peculiar 
interest in that land, inasmuch as we there sometimes find ancient 
architectural works, as for example, the remains of the temples at 
Paestum, constructed of travertine, containing the remains of the 
same kinds of terrestrial and lacustrine shells which now exist in 
the vicinity, and become entombed in the travertine now forming. 
Of large accumulations of calcareous matter depositing under the 
atmosphere and not beneath bodies of water, the plains of Pamphylia 
would appear te afford a very striking example. The coasts of K^- 
mania have long been known to present good instances of beaches 


Not only have we excellent opportunities of there studying the calcareous de- 
posits thrown down from waters of ordinary temperatures, but those also from thermal 
spnngs, in substances are mingled in a manner to produce very interest- 

ing results. Of this kind is the intormingUng of siUca with the other deposits at the 
baths of San FiUppo, where the waters have a temperature of 122° Fahtl^e SDrinir 
being about a degree higher), and contain In solution, siUca, sulphate of Ume bicar- 
Imnate of lime, and sulphate of magnesia. The ground around is compej^f trover 
tine deposited by the springs. ei^ 
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consolidated by tbe percolation of carbonate of lime amid the 
pebbles, thus forming a conglomerate. We may thus obtain m t 
^ only breccias and conglomerates upon the land, 1^ the c^ aporation 
o^wgter, charged with bicarbonate of lime, without the aid ol lakes, 
but also sheets of limestone, the overflow of rivers and the shifting 
of their courses causing the necessary deposits. It vrould Ik* 
desirable, where fitting opportunities for studying the latter kind 
of accumulations may be found, carefully to examine the differences 
between them and those deposits effected in tranquil bodies ol* water, 
such as lakes. W e should expect, while the gradual rise and over- 
flow of the rivers may here and there bury, by means of the 
calcareous deposits from them, the fluvlatile or lacustrine molluscs 
living previously in favourable situations, that there would be much 
showing the drift of animal and vegetable substances borne onwards 
to localities where their further progress was arrested, and wliere 
they became entombed beneatli the limestone afterwards formed 
over them. 

Although limestone may thus silently and unperceived be trans- 
ported from one locality to another, since the clearest waters may 
contain the bicarbonate of lime in abundance, many other substances 
are also, in a similar manner, borne onwards in solution ; and it 
becomes desirable, in the present state of geological science, that 
the mass of this matter, and the proportions of* the substances com- 
monly composing it, shoidd be examined. Something is done l^v 
every analysis made of spring and river waters ; and tlie desire to 
obtain good waters for domestic purposes, has lately led observers 
to connect the rocks from wliich springs issue and afford the supply 
to livers with the quality of waters ; but it would be well more 
systematically to study the soluble matter conveyed away in this 
manner by moving water.* 

It should be recollected that when rivers are swollen by rains, 
though substances in solution amid the rocks may be tlien forced 
more abundantly out of some than at other times, the amount of* 
soluble matter is not increased in proportion to the water, since 
much rain or melted snow then runs off tlie ground without pene- 
trating amid the rocks. Common salt (chloriie of sodium) will bo 
found more frequent than may msually be supposed in spring and 

^ ♦ Much may be accomplUhetl hy taking up the water in clean bottles, welUcorking, 

’ sealing, and securing them; noting the state <»f the spring»«, streams, and rivers at the 
; time as regards the quantity of the water in them, and by obtaining a section of the 
I rivers at some conveideni situation, and a proper insight into their velocities at the 
; time of taking tlie water, so that a fair estimate may be obrnimHl of the amount ol 
*■ aoluble matter transporter!. 
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river waters. When we consider the number of rocks which, from 
their organic contents, we have reason to suppose were formed 
beneath the sea, and which have been deposits of mud, silt, sand, 
or gravel, now elevated into the atmosphere, so that rain waters 
percolate through them, we shall not be surprised at the presence 
of chloride of sodium, since it is to be expected that this and other 
salts in solution in sea waters would, formerly as now, be dis- 
sefliinated amid mechanical deposits effected in the sea. 

Silica is well known as in solution in some waters; chiefly, 
however, found in appreciable quantities in those which are 
thermal. The geysers of Iceland have been long celebrated for 
their abundant siliceous deposits.* Silica has borne such a part 
in the consolidation of rocks, that wherever opportunities occur of 
observing the effects arising from the action of silica-bearing waters, 
they should receive careful attention. The manner in which silica > 
may be taken up in its nascent state, and in which it is discovered in 
heated waters, are circumstances of much Importance when we have 
to consider its mode of occurrence in veins, or its agency in agglu- 
tinating the particles of mud, silt, and sands in beds of rock. It is 
now known not only that certain plants require this substance, but 
that it is essential to some animals ; so that the study of the mode 
in which silica may be takc.i up in solution, distributed, and used 
not only by plants and animals, but also for the consolidation and 
filling up of the fractures of rocks, is one of much interest. 

Springs are presented to our attention chiefiy under two forms. 
First, from the combination of porous and less permeable rocks in 
such a manner that the water passing readily through the former, 
and with difficulty through the latter, lines of springs may form at 
any sides of hills or other exposures, where its outpouring is more 
easily effected than in other directions; and, secondly, from out of 


• Sir George Mackenzie {Travels in Iceland') mentions that deposits from tlie 
Geysers extend to about half a mile in various directions, with a thickness of more 
than twelve feet. The leaves of hirch and willow are fossilized, everj^ fibre being 
discernible. Grasses, rushes, and peat are in every state of }>etrifactiou. Very 
elaborate analyses of the Great Geyser waters by Dr. Sandberger and M. Dainour. 
will be found in the sequel. From these it would appear that the silica constitutes 
about 0*55 of 1000 parts, including the water. 

The siliceous deposits from hot springs (temperature 73^ to 207^ Fah*.) in the 
volcanic districts of Furnas, St. Michaers, Azores, arc important. Dr. W'ebster 
{Edinburgh Phil. Journal^ vol. vi.) gives au interesting account of them. The\ 
siliceous deposits are noticed as most abundant in layers from a quarter to half an| 
inch in thickness, accumulated to the depth of a foot and upwards. Compact masaesj 
of siliceous deposits are mentioned as having been broken up and re-cexnented by j 
silica, and the compound is represented as beautiful. The height of senne of this 1 
breccia is estimated at thirty feet, and the general accumulation, including a clay,! 
also deposited from the waters of the liot springs, as considerable, forming low hills. 
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those of breaks and dislocations of rocks which have been termed 
faxdtsy and w hich become channels into which waters are either 
drained laterally, or forced up from beneath. Let the following 
section (fig. 10) represent one of a country composed of different 
rock deposits, somewhat siTnikr to those in our oolitic districts, 
for example, a a being portions of a porous and calcareous rock, 

Fig. 10. 

a ah 



c c d 


such as some of those oolites are, based upon a clay, b h by itself* 
reposing upon a sand, c c Cy chiefly composed of siliceous grains, 
and this again resting upon a clay, d. 

We should here have the conditions for a marked example of 
the springs of the first class. The rain falling upon a a would 
percolate through it, taking up calcareous matter by aid of' the 
carbonic acid in the rain water, or obtained in its passage through 
the vegetable covering and soil. Not being able to permeate 
readily through the subjacent clay, b b by it would be thrown out 
as spring water at the junction of the two rocks. This water 
would probably contain much bicarbonate of lime. The sub- 
jacent clay might furnish some water in the valley v, a slight 
portion of the rains finding its way amid the particles of clay, 
already moist. We will suppose that, as often happens, the spring 
water thus afforded would contain iron (from the decomposition of 
iron pyrites), and sulphate of lime (iron pyrites and selenite being 
often common in such clays). Beneath, in the two hills t^J the left 
of the section, the rain falling would not readily find its way from 
above to c c, though laterally this bed may be exposed to it, as 
part is on the right of our figure. This bed has been considered 
as principally composed of siliceous giains, and to be based on a 
comparatively impervious bed, d, which may be a clay. Springs 
would find their way out of this bed in the valley v, and we should 
expect that, though they might contain certain matters in solution, 
these would not be the same, at least not in such abundance, as 
from the beds a and b. 

A stream, therefore, flowing down the valley v, would collect 
waters differently charged with the substances which rains on tlieir 
passage through the rocks had brought out in solution ; and though 
the waters of such a stream would present us with a kind of mean 
of all the substances abstracted in solution from the various rocks, 
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they would not show those obtained from any kind of rock taken 
by itself. These, consequently, would have to be studied where 
the springs flowed from each bed. The streams, moreover, con- 
tain the top waters which, during rains, flow over the surface, 
carrying off, independently of the matters mechanically transported, 
those which can be taken away in solution, and which had not 
formed component parts of any of the solid rocks passed over in 
th%ir course, such matters being commonly derived immediately 
from animal and vegetable sources. 

The observer would readily expect this simple mode of occur- 
rence of dissimilar rocks, furnishing water holding different sub- 
stances in solution, to be variously modified, so that while studying 
the kind of matter thus abstracted from rocks, he should carefully 
direct his attention to the connection of springs of this order with 
the kind of rocks traversed by rain waters. 

The joints and cleavage among certain rocks greatly complicate the 
subject in some districts, and in others contorted and criiinpled strata 
so occur, that long troughs and irregularly formed basins of water 
are held up amid the Ixids and rocks, pervious to water, in some 
localities, while dome-shaped masses tend to throw these reservoirs 
off in others. In the cases of such basins and troughs, the water 
remaining during the drier times may 2 >erfect many -eolutions, which, 
when the rainy seasons come to act, are borne away in springs, at 
that season only of importance. 

Springs of the second class are commonly more constant as to the 
quantity and quality of the waters they deliver, and in this manner, 
when they traverse many dissimilar beds, furnishing the solutions 
of different substances, they are like the streams above noticed, as 
regards such substances. We do not, therefore, learn from them 
the kind of loss any particular rock may sustain from tliis cause, 
though they may be useful in showing the solutions delivered from 
the fissures. Let f in the accompanying section (fig. 1 1 ) be a 

Fig. 1 1. 


ft 





dislocation traversing various dissimilar beds, so tliat the bed a is 
thrown down, as it is termed, on the left, and that we find other 
and upper beds, g h and i, occupying the same general levels, as a 
hod and e, on the other side of the fault. In such a case the 

c 
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various waters percolating through the latter would find their way 
into the dislocation with those of g, on the opposite side, and the 
solutions derived from all these beds would be mingled in the 
waters of the fault, flowing out at / in greater or less abundance, 
according to circumstances. We have here merely regarded the 
solutions derivable from the waters percolating through the upper 
beds ; but as in tlie greater proportion of faults we possess no means 
of judging of the depths to which the dislocation may descend, we 
cannot form a correct opinion of the kind of rocks traversed by 
them, and affording solutions beneath. 

Thermal springs, not in volcanic countries, have been traced 
either immediately to these dislocations, or the evidence has been 
such as to lead us to suppose that they may be merely covered 
over by beds, through which a sufficient passage lias been found 
for the discharge of the waters rising among dislocated rocks beneath. 
The case of the Bath springs is not improbably one of the latter 
kind, the heated waters rising through some of those dislocations or 
faults which traverse the older rocks of the district (coal measures, 
carboniferous limestone, and old red sandstone), covered over 
unconformably by the new red sandstone 
series and lias (as these beds are known to 
do many dislocations of such older rocks 
in that country), the waters tlms finding 
their way through cracks or passages in 
the superincumlxjnt beds. 

Connecting the heat of thermal fault 
waters with the increase oi' temperature of 
the crust of the glolie inwards, as in- 
ferred from the increase of heat as we bore 
artesian wells, or descend in mining opera- 
tions, the temperature of such waters would 
always be considerate, 'ware it not that 
such temperature may be much mtjdificHl by 
the conditions under which the waters 
are borne upwards and discharged. Let 
/ g^ in fig. 12, represent a fault traversing 
various rocks to a depth at which the water 
in it obtains a high temperature. These 
waters could only be diseliarged at that 
temperature, if the rate of outflow were 
so considerable, and the volume of water 
so large, as to be uninfluenced by the 
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cooling conditions which would exist in the rocks through which 
they had to pass. Towards the surface, these rocks would take 
the temperature of the part of the world in which they may 
be situate, variable near such surface, but at a certain depth, 
according to latitude and local conditions influencing surface tem- 
perature, assuming a constant temperature unaltered by the climatal 
changes or modifications above. Between this fixed situation, 
wBich in fig. 12 we will for illustration assume to be at a, and that 
beneath, at g, where a very high temperature may exist, such as 
212® Fahrenheit (the boiling point of water under a pressure of 
atmosphere equal to about 30 inches of mercury on the surface of 
the earth), the water in the cleft or fault, would be at liftcrmediate 
temperatures. Some waters, supposing a ready discharge of them 
to exist laterally, might have a tendency to percolate through the 
adjacent rocks, and enter the main fissure at depths not far beneath 
that of the lowest constant temperature, thus assisting to cool the 
upflowing waters, independently of the decrease of temperature 
effected by that of the rocks themselves. No doubt, under the 
conditions supposed, the sides of the fissure would be heated at 
given depths beyond that temperature which, if the heated waters 
did not rise through them, they would possess, but the discharge of 
waters, as a whole constant, and other conditions the same, there 
would be a final adjustment of the order supposed. This would be 
a state of things conducive to the entrance of many substances in 
solution into the main fissure, which might not be introduced into 
spring waters, either at all or so readily and abundantly in the first 
class of springs. The greater heat, as the rocks increase in depth, 
and the permeation of waters dirough them, at hlgli tt‘mperatures, 
would be favourable to the removal of silica, often perliaps, only to 
short distances, one kind of rock being modified by its gain in this 
manner, and another by its loss. Any thrown out in solution would 
be so much removed from them, to be employed elsewhere in the 
modifications now effecting on the surface, always assuming, for 
illustration, that the rocks traversed by the fissures furnished the 
matters held in solution by the waters flowing upwards through 
them. A supposition which will require to be modified if we 
consider that some substances or portions of them may be borne up 
into the cracks which had not previously formed parts of solid rocks. 
Under any view, the solutions contained in these fault waters, are 
conveyed away from the mouths of the fissures, and so much of 
them as have been added to waters percolating downwards from 
the atmosphere, or in any manner through or from the adjacent 

c 2 
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rocks, has caused a loss to such rocks, ♦ and afforded matter, capable 
of ready transport, to be employed, as circumstances may permit, 
elsewhere in the formation of solid matter, or as an addition to 
solutions in the waters of lakes and seas. 

Deep mines afford opportunities for observing tlie rate at whicli 
rain waters may percolate through the body or fissures of rocks 
downwards, and analyses of‘ these waters so obtained, give the 
substances they have, during the time of their passage, taken up"in 
solution. In mineral veins, the waters which would remain in 
them, or flow out as surplus, being in some mines pumped out to 
depths of even 1800 or 2000 feet, we no doubt have surface waters 
descendincf further than they would otherwise do in the same time, 
the check to their progress, interposed by the water disseminated 
amid the adjoining rocks, or in the fissure, being thus removed, 
but at the same time the evidence as to the jx)wer of the surface 
waters to descend in the time that may be observed, and as to tlu? 
kind of solutions efiected by them in that time is valuable. 

Great care is required to give due importance to local conditions 
in such investigations, such as the comparative readiness with which 
the waters may be conducted downwards by means of an un worked 
continuation of the mineral veins — having easy water communica- 
tions with the workings in the mines, the absence or relative 
abundance of great joints or other fissures in the adjoining rocks, the 
chance of any rivulet or stream passing over, when swollen by rains, 
fissures or cracks communicating wdth the main vein, and the like. 

In some coal districts, the Ixjds of under-clay (as those are often 
termed which are found supporting, or intermingled with the coal 
beds) are usually so impervious to water, that where faults or fractures 
of beds are rare, the collieries are little troubled with water. This 
impervious character, employing the term in a general manner, is 
well marked in coal measure districts where, as in parts of South 
Wales and Monmouthshire, the beds having a slight inclination, 
and being cut through by mountain valleys, springs of the class 
first noticed are tlirown out in lines, marking those of tlic coal Ix^ds, 
the waters percolating through them being stopped downwards by 
the under-clays. A system of deposits in which sucli beds and 
others of tough shale occur, would present difficulties to the ready 
percolation of the water downwards. At the same time, slight 


common presence of nitrogen In thermal waters 
^ originally derived from the surface of the 
contained atmospheric air, and that, descending, this air was 
deprived of ito oxygen by some process of combustion. 
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observation will soon show, that though water may not find its way 
in a sufficiently rapid manner in some collieries to be important, it 
is still most frequently there disseminated among the particles and 
joints of the rocks. Indeed, the manner in which water is disse- 
minated among rocks is deserving of all attention, particularly when 
we regard it as a means by which a change and modification of 
chemical composition may be effected.* 

•The springs of* the first class noticed as outflowing on the sides 
of hills and mountains, and on sea cliffs, arc frequently productive 
of landslips, as they are often termed, the percolation of water in 
particular planes or directions so softening, or chemically removing 
the rocks, that a superincumbent weight not being held up by 
sufficient cohesion of* the mass, is launched into the valleys or 
seawards as the case may be, thus producing a degradation of the 
land, throwing it into conditions fitted for more ready removal by 
rivers and the sea. Small landslips are very common, and arc well 
seen in our oolitic districts, where the intermingled clays slipping 
into the valleys bring down the more consolidated superincumbent 
beds with them. In tlic coal district of South Wales good examples 
of a larger kind are to be found, and in many mountainous regions 
they are sufficiently common. 

The slide or fall of the Eossberg or Ruffiberg on the 2nd Septem- 
ber, 1806, afforded a memorable instance of the destruction pro- 
duced by the percolation of water through bedded rocks in such a 
manner that, the needful cohesion of parts being destroyed, a great 
mass slid over an inclined plane of subjacent rocks. The following 
section (fig. 13) will serve* to illustrate this fall, and some others 

Fig. 13. 



of the like kind. If In the mountain, a, water percolate through 
the porous strata b to the clay bed c c, the surface of the latter 
would become slippery, and the cohesion being Insufficient to 
counteract the action of* gravity, and no proper support be found 

* The simple experiment of accurately weighing a piece of rock immediately after 
it is struck off in a metal mine or colliery, drying it thoroughly in a sand-baUi, and 
tlicn reweighing it, will often show more moisture to have been removed than might 
have been expected, the result being necessarily very variable from differences in the 
worosity of the substance. 
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below, tlie mass would be launched in the valley d. In the case 
of the Rossberg (a mountain 5196 feet above tlie sea), the upper 
beds were composed of conglomerates resting upon matter, which 
being partially removed by the percolation of water, and the beds 
at a high angle (about 45^), a launch of the upper beds took place, 
and a beautiful valley was covered with rocks and mud.^ 

The undercliffs between Lyme Regis and Axmouth, as well as 
those on the back of the Isle of Wight, illustrate the destruction 
of cliffs by means of springs. The following section (fig. 14^ will 
sliow the conditions under which the undercliffs are produced at 

Fig. 14. 



Pinhay, near Lyme Regis, a is gravel ; chalk ; c, upper green 
sand, porous substances through which the rain waters j>ercolate to 
the clay bed d, composed of the lower part of* the green-sand beds 
c, and the upper part of the lias bed e, the upper green sands 
having over lapped the intermediate rocks observable in the south- 
east of England, and here resting upon the lias. The water being 
thus arrested in its progress downwards, escapes where it finds tlie 
least resistance ; in this case towards the face of a cliff’, originally 
formed by the action of the sea on the coast. The clay is gradually 
removed; the superincumbent green sand, chalk, and gravel lose 
their support, give way, and fall towards the sea. Th(‘ lias e is 
not removed by the action of the coast-breakers so fast at the cliff' 
g, as the rocks above arc by the effect of the land springs, therefore 
the upper cliff retreats, leaving a mass of fragments confusedly in- 
termingled at /, which has a constant tendency to move seawards, 
both from the destruction of the lias cliff g, by the brc'akers, and 
from the water percolating through the mass and loosening its base, 
so that it gradually moves towards the shore. The clialk and gn en- 
sand fragments are often sufficiently large and Irnrd to afford, by 
their overfall, protection to the lias cliff, and thus a very confusc*d 
but instructive coast section is exposed to the observer. 

* The villAges of Goldau and Buiingen, the hamlet of liuclloch, a large part of the 
village of Lowertz, the farms of Unter> and Dber-Rothen, and many aeattored houaos 
in the valley, were overwhelmed by the ruin. Goldau waa .crushed by masaos of 
rc»cka, and L<mcrtz invaded by a atream of mud. The livea l(wt were oatimatod at 
from 800 to IKK). 
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SUBSTANCES MECHANICALLY SUSPENDED IN WATER.— TRANSPORT OF DE- 
TRITUS BY RIVERS.— DEPOSIT OF DETRITUS IN VALLEYS.— ACTION OF 
RIVERS ON THEIR BEDS. — REMOVAL OF LAKES BY RIVER ACTION. — 
FORMATION AND DISCHARGE OF LAKES.— LACUSTRINE DEPOSITS. 

The rain waters not absorbed by the rocks, act mechanically on 
the surface of the land, removing to lower levels such decomposed 
portions of the rocks as their volume and velocity can transport. 
The mixed effects of decomposition from atmospheric causes, and 
of soaking of the surface on hill sides, are often well shown in slate 
countries, a certain depth beneath the soil cxliibiting the turning 
over of the edges of the slates towards the valleys ; — as it were the 
tendency of the moistened matter of the surface to slide by its 
gravity to the lower ground. 

The accompanying figun will illustrate this fact, one of much 
importance to the observer, for without attention to it he might 
commit grave errors as to the true dip of strata, when only a 

Fig. 15. 



slight depth of section may be exposed on a hill side. In the 
above figure the real dip of beds is represented as the very reverse 
of that which might be inferred from a hasty glance at the surface. 
Although it may be supposed that the difference between this 
sliding down of the surface towards the lower grounds and the true 
dip was always so appauent as not to be mistaken, the depth to 
which this action has occasionally extended is sufficient to justify 
great caution in many districts. 

Upon a hill side and among the rills, hollows, and little plains 
which may sometimes be there found, an observer may often have 
good opportunities of studying the power of water mechanically to 
transport the decomposed portions of rock brought within its in- 
fluence. He will soon perceive, that not only according to the 
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specific gravity, but to the form also of these portions is tlicir re- 
moval effected, and that the manner of removal is of two kinds. In 
one case they are bodily carried in mechanical suspension in the 
water, while in the other they are swept onwards by its friction on 
the bottom. Small hollows will occasionally show tlie mode in 
which the matter so mechanically suspended or pushed onwards is 
brought to rest, and well illustrate the manner in wliich accumula- 
tions on the great scale may be and are effected. 

If wc suppose the observer placed in a granitic district where 
there is much decomposition of the felspar, such for example, as 
much of that near St. Austle, in Cornwall, he will soon find that 
while the fine decomposed remains of the felspar readily mingle 
with the waters wliich a heavy fall of rain may produce, tiie 
particles of quartz and mica are more commonly swept ahmg the 
bottom, except where, from the slojies licing considerable, the water 
may have sufficient rapidity to gather them up in meehanicid 
suspension. Wliile the volume of the particles of quartz may be 
larger, they are often more round, so that they are commonly 
more readily pushed along the bottom than the grains of niic^, not 
only flatter but possessing greater .‘:|K‘cific gravity.* The milky- 
looking water containing the deccanptjsed felspar is lx»riie onwards, 
slight deposits taking place where an ex])ansion of the lied of the 
rill or rivulet may permit <‘omparati\eIy still water, until sufficient 
quiet is found for the general depo.sit, while the quartz f»r mieu 
are strewed in little ridges, thrust into luJes, remaining lliere 
if the force of the stream will permit. 

Much information may be derived as to the manner in wlfu-h 
detritus pushed forwards by rivers into Ixxlics of still, fir com- 
paratively still, water, by observing sand brouglit <lowii by a rivulet 
into a small p.K>l of stagnant water, where the sand ceases Ui )m* 
fqrced forwards, and* conser|uently aocuinulute.s. It will lx* scvii 
that little delta-fbrm heaps of sand accumulate where the ri\ ulet 
enters the jkk-.I, on tlie fan shaped lops of whieli the ehuimels, over 
the moving water pusJie.s the grains of sand, are continually 
shifting Let a in the following sketch dig. Ifjj represent a pxjl 

Fig. IG. 



* The .,«cinc pavi,, 
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of still water, into which a rivulet b pushes forward sand, then 
such sand will be found to accumulate at c, falling down into the 
pool a, in such a manner that a truncated heap of sand is produced, 
which increases superficially, as shown by the concentric lines at c. 
11* now, attention be directed to the manner in which the grains of 
sand have been accumulated vertically, it will be found that they 
have been arranged as in the annexed section (fig, 17) in which a 
* Fig. 17. 



represents the surface of the pool, d its bottom, h the slope of the 
rivulet pushing forward the grains of sand, and c successive coats 
of sand formed by the grains falling over into still water, such 
grains supporting themselves in the same manner as in any rubbish 
lieap, from the top of which rubbish is continually thrown over. 
By diverting from their courses the small streams of water which 
run down sandy sea Ixjaches on many coasts, very valuable informa- 
tion may be obtained as to the manner in which grains of sand are 
1‘orced forward, and arranged by the pushing action of running 
water. When brought into the deeper pools among the sands, the 
deltas produced are extremely instructive, and in such cases the 
angle formed by the layers or coatings above each other, as the 
sands accumulate, is commonly found to be about 28° or 30°. 

Having examined the mode in which decomposed portions of 
rocks, as well as those worn off by the friction of the streams, can 
be transported by moving water on the small scale, an observer 
will more readily appreciate the transport and deposit < >f detritus 
on the great scale in the course of rivers, wither without the inter- 
vention of lakes, as the case may be, and its removal towards 
lower levels and the sea. The manner in which it is cither 
taken up in mechanical suspension, or merely shoved along the 
bottoms of rivers, is precisely the same in principle as in tlio little 
rivulets, though the effects, from their greater magnitude, are more 
striking in the one case than in the other. Larger masses may be 
shoved forwards, because the volume of water may be larger, suf- 
ficient to move those onwards, the resistance of which the minor 
streams could not overpower, yet the cause of their removal is of 
the same kind.* 

* The following list of the specific gravities of some rocks ^hich we have else- 
where given ( Researches in Theoretical Geology ^ 1834), may be useful in showing tlieir 
power of removal, in fragments or pebbles, by running water, all other conditions as 
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It will soon be perceived, that while at one time detritus 
only of a given magnitude, form, or specific gravity can be 
either pushed onwards by, or be mechanically suspended in, the 
rivers, at another the dctrius, previously at rest, is readily borne 
onwards, and effects produced which, without the needful evi- 
dence, would scarcely have been considered probable from ex- 
amining those produced during the ordinary condition of the 
same river. From the details given of the effects of' great flodds, 
as, for example, that of the Moray, much valuable insight may 
often be obtained as to the effects which, during a long lapse of' 
time, may be produced along the line of a river course by repeated 
action of tliis kind. 

The minor floods, commonly known as freshets, more or less 
common in all rivers, are geologically important, not only as 
respects the greater movement outwards of detrital matter at such 
times by the mechanical action of the water, but also as they often 
surprise terrestrial animals in low localities, and transport them 
with plants to still lower situations, or into the sea, in the latter 
case covering up these as well as estuary and marine animals in a 
common deposit of mud and silt. 

In some countries the freshets, or rises of river, are periodical, 
produced from periodical causes inland, as, for example, those of' 

to velocity and volume of the water, and volume and form of the fragments or pebbles, 
being the same : — 

Calcaire grossier (Paris) . . . 2*62 ^ Devonian sandstone, calcareous 


Chalk (Sussex) 2*49 (Ilfracombe) 2*77 

Upper green sand CWilts) . . . 2*57 i Silurian sandstone (Snowdon) . . 2*76 

Lower green sand (Wilts) , . . 2*61 Arpllaceous slate (Devon) . . . 2*77 

Portland oolite (Portland) . . . 2*55 Carrara marble 2 *70 

Forest marble (Pickwall) . . . 2*72 Mica slate (Scotland) .... 2*69 

Bath oolite (Bath) 2*47 : Cneiss (Freyburg) 2*72 

Stonesfield slate (near Stow-on>tho- ! Doraite (Puys dc Dome) • . . 2*37 

Wold) 2*66 Trachyte (Auvergne) .... 2*42 

Lias limestone (L^mie Regis) . . 2*64 , Basalt (Scotland) 2*78 

Red marl of the new red sandstone ' Basalt (Auvergne) 2*88 

(Devon) 2*61 ; Basalt (Giant’s Causeway) . . 2*91 

Muschelkalk, fossiliferous (Got- j Greenstones, various (different 

tingen) 2*62 ! countries) 2*69 to 2*95 

Coal sandstone, Pennant (Bristol) . 2'60 j Sienite (Dresden) 2*74 

Coal shale, with impressions of ferns j Porphyry (Saxony) 2T»2 

(Newcastle) 2*59 , Serpentine (Lizanl, Cornwall) . 2 •.^>8 

Millstone grit (Bristol) . . . 2*58 | Diallage rock (Lizard, Cornwall) 3'03 

C^arboniferous limestone (Bristol) . 2*75 llypersthene rock (Cock’s Tor, 

Carboniferous limestone (Belgium) 2*72 j Dartmoor) 2*88 

Old red sandstone, micaceous { Sieni tic granite (Vosges) . . . 2*85 

(Herefordshire) 2*69 ! Granite, gray (Brittany) . . . 2*74 

Old red sandstone (Worcestershire) 2*6.5 ; Granite (Normandy) . . . , 2*66 

Silurian sandstone (Hartz) . . . 2*64 j Granite, mica, scarce (Scotland) , 2*62 

Devonian sandstone (Ilfracombe) 2*69 Granite (llcytor, Devon) . . 2*66 
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the Nile, and deposits are then effected which do not receive 
additions until the annual time of rise again comes round. From 
this state of things to frequent alternations of floods and low states 
of rivers, there is every modification, so tliat the results of the 
deposits may be expected to be as modified as the causes of their 
production.* 

When it is intended to ascertain the volume of water descend- 
ing ‘a river at a given time, and the amount of matter which may 
be then held in mechanical suspension by it, in order by a fair 
average to estimate the volume of* water and the amount of matter, 
in mechanical suspension, borne seaward or into lakes during a 
year, or any amount of time thought desirable, much care is 
required so that the estimate may approximate toward the truth. 

The section of* a river presents us with waters moving with 
different velocities, and consequent transporting powers. Where 
the gi'eatest wciglit of water occurs with equal velocities, there is 
the greatest pushing or forcing onwards of the bottom. If in the 
accompanying section (fig. 18) ^ / /7 represent that of a river 

Fig. 18. 

deb a bed 



course, the greatest velocity of the water would be at a ; and this 
will decrease towards the sides and bottom, where the friction 
would be greatest, as may be represented by the layers of water 
h c d d. 

Let fig. 19 represent a longitudinal section of the layers of 
water corresponding with those in the cross section (fig. 18). 


* As we have elsewhere observed {Geological Manual 3rd Edition, there 

are few rivers more instructive than the Mississippi, man as yet not having eHorttHl 
many important changes on its banks, and we contemplate great natural operations, 
such as cannot be so well observed in those which have been more or less under his 
dominion for a series of ages. Its course is so long, and through such various 
climates, that the freshets produced in one tributary are over before they commence 
in another; and hence arise those frequent deposits of detritus at the mouths of the 
tributaries. These latter have their waters ponded back, and, to a certain distance, 
stagnant, by the rush of the floods in the great river across their embouchures, and 
in consequence a deposit is efibeted, which remains until a subsequent flood in the 
tributary removes it. {HalVs Travels in North America.) Captain Hall states, that 
when the Ohio is in flood it stagnates the waters of the Mississippi for many leagues, 
and that, when the Mississippi is in flood, it dams up the waters of the Ohio for 
seventy miles. 
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Then assuming that the motion of the particles of water in the 
layer a is sufficient to keep some of the matter mechanically sus- 
pended, and some not quite so suspended, the latter will sink 
by the action of gravity ; not, however, at once falling to the 
bottom, but entering the second supposed layer of water, b, where 
the velocity being less, it descends in less time through it, and so 
on through the other layers c and d, describing a curve i n. As 
regards the amount of mechanically suspended detritus, in such 
a section, we should anticipate that it would be very unequally 
dispersed. 


Fig. 19. 



n 


Considering the section, fig. 19, to be one taken through the centre 
of the stream, and that we add other longitudinal scctirms taken 
through the lines, p p p p J> p, fig. 18, we should have two scries, 
one on each side of the central section, the terms of which could 
rarely agree, either in respect to the velocities of the water, the 
power of transport, or in the amount of detritus contained in 
them. So far, therefore, from it being easy to estimate the 
amount of detritus home down in mcclianical suspension, or forced 
along its bottom from friction by a river, it is a subject requiring 
great caution and skill, even to obtain an approximate rough 
e.'-timate of the fact. 

"When the water lias been obtained from which it is intended to 
separate the imtter borne down by rivers, and by a sufTicient num- 
ber of trials, in different parts of the river, to estimate the amount 
of such matter passing a given locality, it is needful not to evapo- 
i-ate the water, as has often been done, fhr by this proceeding the 
letter in solution is obtained as well as that in mcclianical susiien- 
sion. A measured volume of water should be passed through a 
filter, and the weight of the matter thus collected should be care- 
fully ascertained. 

Fully to appreciate the distance to which the various kinds of 
detritus may be borne by moving water until they be deiKwited, 
attention should be directed to the quantity and kind which can 
merely be pushed forward by a ^ven velocity of such water, act- 
ing by friction on the bottom or sides against which it may |)ass, 
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and to the quantity and kind the same velocity may keep mecha- 
nically suspended at the same time. 

As rivers are enabled to transport in mechanical suspension, 
or sweep forward detritus on the bottom, according in a great 
measure to their velocities, and as the latter, other things being 
equal, increase with the slope oi the river channels, duly to 
estimate the power of a river to carry forwards to the sea or 
lakes the detritus thrown into the higher grounds, all the 
changes of slopes should be properly appreciated. Thus, if‘ a b 
(fig. 20) represent the slope of a river in one place, and b c 

Fig. 20. 



the slope of tlie same river in another, and the amount of water be 
neither increased nor diminished by tributary streams or diverging 
brandies, the river will have greater velocity at a & than at b c, 
and consequently smaller pebbles and finer sand can remain at the 
bottom at ^ c than at a b. 

The checks which a river may sustain in its course, such as 
by lakes, patches of level land, and the like, shoidd be duly 
noted. Without this precaution it might be, and indeed has 
been, inferred that all the pebbles found far down a river course 
had been there swept by the river in its present state. While this 
is often true, care should be taken to ascertain that the needful 
conditions present themselves. Frequently, when a river takes its 
rise among high mountains, its onward course is, though often 
rapid, interrupted by tracts of level country, or even lakes, where 
the pebbles and heavier detritus are arrested; and yet pebbles 
derived from the rocks of the high mountains may be abundantly 
found in the river-bed further down than these obstacles, sueli 
pebbles having been brought to the channel in which the river 
now takes its course by previous geological conditions of the area. 
Thus, Alpine pebbles in some of the river courses of Northern 
Italy could not have been brought from the Alps into the plains 
of Lombardy, by existing rivers, since the Lago Maggiore, the 
Lago di Como, and others necessarily stop the progress of those 
borne from the high Alps by the torrents which now feed these 
lakes. 

By attending to the kinds of rock traversing a valley, we 



30 TRANSPORT OF DETRITUS BY BIVERS. [Ch. III. 

often find good opportunities afforded of studying the manner 
in which detritus derived from them, may become mingled by 
the action of the river waters. Care must, however, be taken to 
avoid considering as such those pebbles which may have been 
formed by the action of breakers while the land has been emerging 
from the sea, and which may have been at that time gathered into 
the lower parts of the valleys, or those which have subsequently 
been brought into them from the sides of hills or mountains by the 
long-continued action of rains and minor streams of water. Let 
a b in the annexed plan (fig. 21) represent the course of a river 


Fig. 21. 

c d e f 



through a district composed of marked, but different, rocks c c, 
d </, and e c, into a low country, where its movement becomes 
sluggish, and let the fall of the river-bed be such as to give 
sufficient velocity to a needful body of water to push or sw^eej) 
forward pebbles of the size of* an egg, where the full force of* the 
water can be directed upon them. The river being capable of* 
forcing forward pebbles of this size on the botU^m, those of minor 
size, other things being equal, would be driven onwards, and there 
would finally be a size, weight, and form of detritus held up in 
mechanical suspension by the movement of the w^ater. Under 
such conditions there would necessarily lx? a deposit of tlic de- 
tritus pushed forward by the water, wherever sufficient obstacles 
produced a less velocity in the river; and, as the river varied 
in velocity according to the quantity of water in it, the 
accumulations thus formed would possess an irregular character 
somewhat as in the annexed section, one tlinmgh several minor 
deposits, depending upon small shifts in the direction and force of’ 
the propelling current. 

Fi^. 22. 



As the river in the plan (fig. 21) is supposed capable of shoving 
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pebbles onwards to the commencement of the low ground //, 
irregular accumulations of pebbles would be expected at Z, where 
the force of the river could no longer drive them forwards. It 
would not, however, be anticipated that the finer silt or mud 
could be there accumulated, except in very minor quantities 
in still places; since the power to keep such detrital matter 
mechanically suspended would be gradually lost by the river. 
Indeed the time required for the settlement ol' the finer parts, 
might be such that the whole body of water could continue to 
move through the lowlands in a turbid and discoloured condition, 
slowly parting with such detrital matter disseminated through it. 

It would be expected under the conditions noticed, that ac- 
cumulations would take place along the line of the river course ; 
and that, unless these deposits were cut up by floods and so carried 
further onwards, the river-bed would be raised. The power of a 
river to keep its channel clear, and even to work it deeper, is com- 
monly obvious where the river runs with rapidity ; but it is not 
always so obvious, without careful investigation, that its bed has 
been raised, more particularly by the pebbles and sands shoved 
forward at the bottom. 

In many plains, modified by rivers, the shoving forward of 
detritus is shown by the mode of its aceumulation. Other accumu- 
lations so thin and wide spread as obviously to have been deposited 
from mechanical suspension are often, however, intermixed, so that 
both modes of deposit have contributed to the formation of these 
plains. Although we might feel certain that the beds of rivers 
must sliift in great plains as such beds get raised, the waters taking 
the course of the lower levels, when such are presented, yet it is 
interesting to observe in some countries, — in Italy for example, — 
where artificial embankments have been formed to keep rivers 
flowing through fertile plains in their cliannels, that the beds of' 
rivers become thus raised above the plains; and tliat roads rise up 
these banks on either side from the latter. In the little plain of 
Nice, the river ridges, formed by this cause, are striking, a loose 
conglomerate behind furnishing an abundance of pebbles to the 
river-bed. The following section (fig. 23) will serve to illustrate 

Fig. 23. 

h 

this fact, a b being the level of the country, in cultivation for many 
centuries, upon which artificial banks have been gradually raised 
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to c rf, to protect the cultivated lands from invasion by the detritus 
forced forward by the river e. Thus the detritus which would 
have naturally escaped upon the plain has been raised artificially 
from /to e, notwithstanding the somewhat general plan of throw- 
ing the detritus thus accumulated over the sides upon the protecting 
banks c d, thus deepening the channel when the waters in the 
river may be sufficiently low for the purpose. The Po presents on 
the larger scale a well-known example of* the rise of its bed, so that 
it is higher than the houses in Ferrara, and the like may always be 
expected under similar conditions. 

A river may so raise its bed as for some time not to find a new 
main channel amid the adjoining plain, its turbid waters when in 
flood escaping over the banks without actually causing a brcacli, as 
is shown in the annexed section (fig. 24), where b represents a 


Fig. 24. 
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river which has so raised its bed that there are tracts of country on 
either side at a slightly lower level. In floods such a river, spread- 
ing over the adjacent land, would leave all the detritus mechanic- 
ally suspended in its waters, a a, and which did not retire with 
the water until its level was that of the banks of’ the river, upon 
the ground beneath up to the rising slopes d r/, thus eventually 
filling up the depressions. The more common action of a flood is 
as represented in the section beneath (fig. 25), where a river (i) 


Fig. 25. 



not raising its bed (the flood waters merely rcunoving mud from 
the bottom, the only sediment there collected), the overflow of’ 
turbid water {a a) returns to the river bed, depositing only such 
matter in mechanical suspension as the time of’ repose may have 
permitted. In these ways much sedimentary matter is distributed 
over plains during floods. 

The matter pushed forward by rivers, or held in mechanical 
suspension in their waters, has hitherto been regarded only with 
reference to the removal of that arising from the decomposition of 
rocks by atmospheric influences. We have now to consider the 
erosion of clays, samls, and gravels, and of hard rocks by means 
of the rivers themselves. 
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In many a river course it may readily be observed, that in- 
coherent sands and gravels are cut into by the mere friction of 
the water, even when clear. That such a moving body should so 
act would be expected, and no doubt we should also anticipate that 
amid incoherent, or easily-removed substances, any modification in 
the course of' a river would speedily produce change in other parts ; 
but it is, nevertheless, extremely interesting to experiment on the 
course of streamlets passing among sands : as, for instance, on some 
extended shores at low tides, and trace the effects of even slight 
alterations in the stream courses. The cutting into one bank 
throws the water upon another, not previously worn away, and 
the whole bed of* the stream gets modified. Such experiments tend 
to make us more readily appreciate those modifications of* rivers, 
from the actual cutting powers of their waters, which are seen on 
the great scale in some parts of the world. They also show the 
distances to which the fall of a cliff, the filling up of a cavity, by 
which, as forming a lake, the force of a flood may have been 
previously stayed in its full course, and other obvious circum- 
stances have produced modification and change. 

There are few persons who have not noticed the manner in 
which rivers are disposed to take serpentine courses in level coun- 
tries, a fact as easily observed amid the meadows of the flat portions 
of many valleys, of very limited dimensions, as among the vast 
bends of the Mississippi, or any other of the great rivers flowing 
under similar conditions. The rivers, by their f'liction, cut into 
the ground presented to their course, and by working away the 
earth, clay, sands, or gravel, of bend against bend, modify their 
channels. The waters necessarily cut away such banks at the 
bottom of each bend. Hence, if two bends be opp<^>site to each 
other, as those in the next sketch (fig. 26 ), are at a, ft, and c, the 


Fig. 26 . 



river will tend, by continued erosion, to approximate them to each 
other, so that they finally meet, and the river course becomes 
shortened by the amount of the bends previously passed over. 

Although some effects must follow the action of clear water 
upon bodies, the parts of which have not sufficient cohesion to resist 
removal, it is by the assistance of matter either mechanically 
suspended in, or forced onward by the water, that rivers most 
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readily cut into their channels and erode their banks. By this 
assistance they wear even into hard rocks, removing the obstacles 
impeding their courses, and which prevent the formation of a 
convenient general slope. As among the simplest forms in which 
water acts by aid of mineral matter upon rocks, we may take the 
vertical holes drilled in even some of the hardest by means of 
pebbles so situated, that a rotatory action is given them, each in 
one place, by moving water. These are well known in many 
situations, where bars of rock stretch across river beds, and falls of 
water are thus produced. A pebble borne down by floods gets so 
established in an eddy that it remains there, and by constant 
friction, works a vertical hole downwards, sometimes to the depth 
of several feet. In some situations, where the obstacle has been 
much lowered by the erosive action of a stream, sections of the 
annexed kind may be seen. In rare instances the pebble, as at a 
(fig. 27 ), may still be seen, the section having been such as not to 

Fig. 27. 



have allowed it to fall out. In some situations this drilling into 
bars of rocks must have tended considerably to their ultimate 
removal 

It is, however, when a river is in flood, large pebbles grinding 
and driving against rocks which may be exposed to the fury of‘ 
the torrent, and minor detritus, either hurried onwards on the 
bottom, or in mechanical suspension, grating against and rasping, 
as it were, such obstacles, that the erosive power is most effectiA C. 
Huge blocks are forced onwards, leaving the furrows which have 
marked their course to attest that course in some situations, while 
the finer friction of small pebbles and sand produces a smooth 
surface in others. 

When endeavouring to ascertain the abrasion which may be due 
to rivers, the amount of decomposition which any rocks in their 
course may have suffered, prior to the supposed abrading action, 
should be carefully estimat^, so that too much importance should 
not be given to such action. It being known that the decom- 
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position of* many rocjks is greatly assisted by such rocks being kept 
alternately in a wet and dry condition, tlie observer should notice 
if the water in any river course he may study, rises and falls, and 
in a manner sufficient to have an appreciable influence on the 
rocks washed by it. 

Much care is required when we seek to refer the formation of a 
ravine through which a river may find its way to the cutting 
power of the river itself. There is no want of evidence that even 
minor streams, more particularly when swollen by rains, cut 
channels for themselves in various directions. In many a mountain 
region this is a fact of common occurrence. A little study will 
show the observer that some ravines are cut back very readily when, 
as beneath (fig. 28), beds, horizontal, or not far removed from that 

Fig. 28 . 



position, and composed of comparatively hard rocks, such as sand- 
stones, are based upon softer substances, such as clays or shales. 
From the combined action of atmospheric influences, and of the 
falling water, with sometimes also the aid of water percolating 
between the hard and soft rocks, the lower beds give way, and 
being composed of easily-comminuted substances, are soon removed 
in mechanical suspension by the torrent, while the hard rocks, 
losing their support, are precipitated to the base of the fall. This 
mode of cutting back a channel, with vertical or nearly vertical 
walls in the first instance, however they may be afterwards modified 
by subsequent falls, or erosion by small streams, may be as well 
seen in hundreds of little brooks, where the needful conditions of 
hard and soft and nearly horizontal strata are to be found, as in the 
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valley of the Niagara, where the production of a ravine of this kind 
is exhibited on so large a scale. 

If a barrier, such as a lava current, be suddenly thrown across 
a valley, the waters behind it, upwards, are necessarily sustained 
to the height of the lowest part of the new obstacle opposed to 
their further progress downwards. Should a section be presented 
to the attention of an observer, such as that beneath (fig. 29), 

Fig. 29. 



where a lava current, a, crosses a pre-existing valley in granite, 
b bj d e being a ra\dne, with c a river running through it, he 
should see if the stream of lava, a, has been actually cut througli, 
or if it has never completely filled the valley, so that a space may 
have been left between the high part of the lava, e, and the bank 
of granite rf, through which the waters readily found their way, 
the modifying action of the atmosphere and the river giving the 
fallacious appearance of a ravine wholly cut by the latter. 

The observer will have carefully to distinguish between ravines 
which the rivers may have cut and those which arc mere cracks or 
rents through which the drainage waters of any district may happen 
to find their way. Therefore he must carefully search for evidence 
sufficient to prove that the ravine may belong to either the one or the 
other of these classes. Let A and B (fig. 30) represent sections of 


Fig. 30. 

A B 



two ravines. In general appearance they might correspond ; and 
even supposing a crack or rent, it may have been such as so slightly 
to move the opposite masses of rock as to be inappreciable. The 
geologist should endeavour to trace some bed of rock, such as a, 
unbroken from one side to the other, across the course of the river. 
Should he discover such a bed thus fmrly connecting the sides ol’ 
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the ravine together (no twist in the crack or rent presenting a 
faUacious appearance of an unbroken bed), the ravine may still not 
be due to the cutting action of the river itself, for it may have 
been a channel of communication from one body of water to 
another at a time when the land may have been sufficiently sub- 
merged for the purpose. Hence fair evidence would still be 
required to show that the river really cut the channel. 

If the observer should be unable to trace the rocks unbroken 
across the ravine, the evidence would remain uncertain, for under 
the supposition that the sides so correspond as to render a disloca- 
tion doubtful, blocks of rock, pebbles, and sand, may as well cover 
a crack, such as c in B, as a continuous mass of rock. Should, 
however, the beds on either side of the ravine, if prolonged, not 
meet, that is, if, as in the following section (fig. 31), a horizontal 


Fig. 31. 



and marked bed u, be higher on one side than on the other, he will 
see that the line of ravine corresponds with a line of dislocation 
where this want of correspondence of sides is apparent, and by 
further search he should ascertain if this dislocation can be traced 
in the same line. Should this be so, it still remains to be ascer- 
tained if the river has really done more than modify the effects of 
an action, along the line of dislocation, by which the ravine may 
have been originally worked out. If, instead of horizontal, we 
find vertical beds of rock, as in the annexed map-sketch (fig. 32), 

Fig. 32. 

4 3 2 
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in which a h represents the course of a river through a ravine, and 
that a marked series of beds, 1, 2, 3, and 4, do not correspond if 
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prolonged across the river, then also it would be evident that the 
latter flowed in a line of a dislocation. 

Should the rise of the river-bed be such that a series of falls 
be found at the higher part of the ravine, so that eventually 
the level of the river-bed be equal to its most elevated portion, 
it will be evident that no strait with water, in the manner of a sea 
channel, was the cause of the excavation, since by submerging the 
land, the ravine would merely form an arm of the sea, and be liable 
to be filled up by the detritus borne by the river from higher levels 
into it. 

Upon tracing up lines of valley for the purpose of studying any 
modifications they may have sustained from the action of rivers 
and other running waters upon them, it will often be seen, par- 
ticularly in mountainous regions, that level spaces present them- 
selves, having the appearance of lake bottoms, the river meandering 
through these plains, and not uiifrequently finding its way to 
lower levels tlirough gorges or ravines of various magnitudes. It 
is generally supposed that by lowering the level of the lake outlet, 
the barrier ponding back the water has been removed sufficiently 
for its passage under ordinary circumstances onwards, it being 
merely during very heavy floods, that any water is spread over 
these plains. On tlie small as well as the large scale, this ex- 
planation would often appear probable. If, as in the following 
section (fig. 33), supposed to represent three lakes, a, b, and c, on 
the line of* a mountain valley, the ero.sive action of the river could 
lower the barriers d, e, and /, the cavities a, A, and c, would cease 


Fig. 33. 



to be filled by water, and we should have plains in their stead, the 
old bottoms of the lakes, with the river meandering through them, 
and rushing through gorges or ravines at rf, e, and/. 

With respect to the effects produced by the cutting back of 
ravines to such bodies of water, once supposed capable of causing 
overwhelming floods, at lower levels, it should be observed that 
the depth of water at lake outlets is generally inconsiderable, so 
that the letting out and lowering of the lake waters would be 
gradual. To illustrate this, let the subjoined section (fig. 34) le- 
present the case of a river cutting back its channel, in the manner 
of the Niagara (assuming that conditions were favourable for so 
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doing), towards Lake {Irie, so that the latter became drained by the 
operation. Let A e represent the slope, exaggerated, of the lake 
bed from A, where the surplus waters are delivered over the barrier 
ground, and f o the level of the river below the falls cutting back 
the channel. Supposing//' to represent the place of the falls, at 
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any given time, it is clear, the same effects continuing, that they 
may be further cut back io g g* and even to A A', without diminish- 
ing the quantity of water in the lake. Once, however, at A A', 
every succeeding cutting will occasion more water to pass over 
them, by draining the waters of the lake to the level of the top of 
the new falls, so that when these have retreated to i i\ the surface 
of the lake will sink to i c, and the mass of water, over the whole 
lake, and above the new level, will have passed over the falls in 
addition to the ordinary drainage discharge. This addition would 
add to the velocity and cutting power of the falls, which would be 
expected, all other conditions being the same, to retreat more 
rapidly to k k\ reducing the general level of the lake to A d in less 
time than it reduced it from hb ioi c. In like manner, the level 
of the lake would be reduced to n which we may assume, for 
illustration, as its greatest depth ; but every succeeding retreat of 
the falls lowering the general level so that the lake presented a 
minor area, the lake waters discharged would gradually become less 
until, finally, nothing more than the river would meander through 
the drained bottom of the lake. In considering the mode in which 
a lake may be drained by the cutting back of the outlet river 
channel, it should not be forgotten that, when large, the average 
loss from evaporation becomes less as the surface is diminished, so 
that the supply by the tributary rivers and streams is not much 
diminished by this cause, and more water finds its way through the 
outlet to the lower levels. 

In volcanic regions we may expect a modification in the drainage 
of valleys by the flow of lava currents across them, and lakes may 
be formed in Alpine regions by the fall of masses of mountain into 
narrow valleys. From the former cause many permanent alterations 
in the drain^ may be effected, the dammed-up waters finding a 
new outlet, more particularly amid accumulations of ashes and 
cinders. In the case of a lava current traversing a valley, the 
deepest part of a lake thus formed might be at the lower part, as in 
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the annexed section (fig. 35), where the prejv^ious slope of a river- 
bed has been interrupted by the flow of a lava current b across a 

Fig. 35. 


d 

valley, so that the river waters are ponded back, and fonn a lake 
at a. Supposing that a lava current fairly stopped the river course, 
even rising somewhat on the opposite side of such a valley, and 
thus preventing the conditions noticed alx)ve (p. 36), such a barrier 
might long remain, the stoppage of the river waters preventing any 
kind of detritus, which previously had been forced onwards along 
the bottom, from further progress, at the same time causing much 
of the mechanically suspended matter to fall, ^th conditions 
would be favourable to the filling up of the lake, such deposits 
again to be cut through, should the barrier of tlie lava current be 
eventually removed. And it is to be obser\xd that the cuttinjj 
away of the barrier would be more easily eflected when the lake 
was filled up, and gravel and sand could be brought to scour and 
wear away the channel of the rapids or waterfalls from b to c. 

\\ hen mountain masses have fallen acros.<« narrow valleys, as they 
are known to have done, and liave p(jnded back the waters, it may 
readily happen that debacles may Ixj formed, producing very great 
effects at lower levels, and causing the removal of masses of rock 
under such conditions, which the ordinary condition of the waters 
in the valley, with every regard to floods, would appear to render 
improbable. The (»bser\'er may Icam to appreciate the effects of 
such fells by throwing a dam of loose sand and gravel across any 
small stream, so that the waters be jKmdt^d bac.k. At first the re- 
moval of the barrier will be slight, but after a time the waters rush 
out, sweeping a part of the dam before them, and removing, in their 
course downwards, strmes and blocks which their vegetable coatings 
show have for years well resisted all ordinary floods. 

Sometimes also in mountain regions, a cnjss valley may, from a 
thunder storm felling upon the area which it drains, thrust forward 
such a mass of rubbish across a main channel as to pond back its 
waters, which finally clearing away the barrier thus formed, rush 
suddenly onwards to lower levels. At other times the effects of a 
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tributary, delivering itself at right angles, or nearly so, to the 
main river, are more gradual ; and in parts of a chief valley, 
where the fall of the latter is not so considerable as to produce a 
rapid current, more permanent changes are produced. The annexed 
sketch represents one of those cases, not uncommon in some regions. 


Fig. 36. 



where a tributary comes through a lateral gorge, high above the 
main valley, thrusting forward the detritus borne along it, so as to 
form a sort of half cone. The increase of sueh a mass will modify 
the line of the main river, if the latter be unable to remove the 
detritus thus borne aeross its course. In favourable situations, 
such as in some parts of the Alps, cottages and cultivation will be 
seen on those parts of the mound where the more or less divided 
streams of the tributary do not rush furiously onwards to lower 
levels. 

Among the causes of' debacle and change in drainage di'pressions, 
we should not omit the consideration of glaciers falling across valleys 
from adjacent heights, since the great debacle down the valley of the 
Rhone in 1818, is still fresh in the memory of many who witnessed 
its transporting power, and who would scarcely otherwise have 
been disposed to credit the effects produced. After successive falls 
from tlie glacier of Getroz, during several years, into a narrow part 
of the Val de Bagnes, in the Vallais, the accumulation finally be- 
came such that the waters of the Dranse, which previously foimd 
their way amid the fallen blocks of ice, were ponded back. A lake 
was thus formed about half a league in length, and it was estimated 
to contain 800,000,000 cubic feet of water. By driving a gallery 
at a lower level in the icy barrier, this quantity was supposed to be 
reduced to 530,000,000 cubic feet, a mass of water which, effecting 
a passage between the ice and the rock on one side, was let off in 
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about half-an-hour down the Val de Bagnes into the valley of the 
Rhone, and thus into the lake of Geneva, where fortunately, by 
the spread of the waters, their destructive force was lost Huge 
blocks of rock were moved by this debacle, and a great mass of 
matter swept away to lower levels. 

Mention has been already made of the deposits effected in the still 
portions of stream courses, and of tlie inclined angle which tlie 
layers of sand and gravel take, after being forced along tlie bottom 
of the stream bed, and thrown over little delta protrusions into the 
pools of water. The mode of detrital deposit to be observed in 
lakes is the same as in little pools, the difference is chiefly in the 
magnitude of the accumulations. The little pools differ principally 
from lakes from being liable to be swept by floods, and the de- 
posited detritus to be thus once more lifted and borne onwards, 
which does not happen in lakes of lair magnitude. Moreover, 
discoloured flood waters spread over the pook, and not over pieces 
of water deserving the name of lakes. Lakes necessarily vary 
much as to the repose of their waters according to their depths. 
In the deeper parts of such a body of fresh water as that of the lake 
of Geneva,* there is no cause for movement from altered tempera- 
ture of the water, for experiments would appear to show tliat this 
temperature always remains the same at the great depths, that of 
the greatest density of fresh water being found at all seasons of the 
year. In such situations also waves raised by winds on the surface 
are not felt, and whatever chemical or mechanical accumulations 
there take place would remain undisturbed, so long as the present 
conditions are continued. 

In the shallow parts of the same lake, and necessarily also in 
shallow lakes generally, the waves (sooner raised in fresh water 
lakes than in the sea by the same force of wind, because the fluid 
put into motion is of less density) stir up the flner mud and silt, 
while the breakers act upon the shore, and ibr the time keep 
heavier matter in motion and mechanical suspension. As, there- 
fore, the deep cavities holding lakes become filled up, there may be 
an irregularity in part of the accumulations of the higher portions 
not observaUe ben^tL 

If attention be directed to the mode in which detrital matter is 
protruded into gieat lakes, such as those of North America, Switzer- 

♦ In s ivriet of iouiidins* <»f the Uke of Genevi,. m»dc in and chiefly under* 

tnJum for the purpoee of toeing bow for the temporeture of the wnter in it cor* 
twtpmtitd with ihet eeelgned to the greetoid density of froth wnter, an tocount of 
which wnt published, with a chart, in the ‘ Bibliotheque Univcrtollo,' for 1819, we 
teadthegMlestdepthoftheUlutobe 164ihlliomt,or9S4<bet,op^^ Evitn. 
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land, or Northern Italy, it will rarely happen that the contributing 
streams or rivers are not found to pour in detritus of various kinds 
and in different ways. Let us consider that the accompanying plan 
(fig. 37) represents that of* a lake divided into two unequal portions, 
and that it is supplied with water, in addition to the rain which may 
fall upon it, by the rivers c, d and c ; that c is a chief river, draining 
a large district, and d and e two torrents, descending occasionally 
from adjacent mountain heights with great force, while, at other 
times, they contain little water. 

Fig. 37. 



Let us further suppose that the waters of the river, c, are gene- 
rally turbid, like those of the glacier rivers of the Alps, and that 
they vary in quantity at different times, so that the river both 
forces forward and holds mechanically in suspension variable 
amounts of matter. From such conditions as these we may assume 
that, though variable, the accumulations, brought down into the 
lake by the river c, would still be more uniformly spread than 
those resulting f*rom the sudden rushes of water down the torrents 
e and rf, the stones or pebbles, borne forwards by the latter, being 
larger than the detritus forced onwards by the main feeding 
river c. 

In order to appreciate the difference of accumulation arising 
from these conditions, it may be desirable to assume that the depth 
of the lake is uniform, or nearly so, tliroughout, though of course 
the original form of the lake basin would influence the products. 
The river c would accumulate the detritus it can force along its 
channel, in the manner previously noticed, while at the same time 
it would discharge a body of turbid water into the still waters of 
the lake. The force of the former is checked by the latter ; and 
the turbid water, being heavier than that of fresh-water lakes, 
would sink in clouds toward the bottom, as may be seen where the 
Rhone enters the lake of Geneva, and in various other similar 
situations. The velocity with which the turbid water would enter 
the lake would carry it to various proportionate distances, until its 
motion became finely checked. It is, however, interesting to 
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observe that, from the difference in specific gravities, when turbid 
waters fell to the bottom, these steal quietly upon that bottom for 
considerabe distances, it being long before they part with the fine 
matter which they hold in mechanical suspension. The fine matter 
brought down by the Ehone is found in mud beneath the still deep 
waters of the lake of Geneva, many miles beyond the discharge of 
the turbid waters of the river into that lake.* 

Assuming the depth of the lake to have been such that turbid 
could so creep beneath the clear waters as to form a deposit of mud 
or clay, we should have the bottom of the minor division of the 
lake coated with this finely-comminuted matter, while a delta-like 
protrusion of the sand and pebbles was formed over it. Supposing 
the commencement of such accumulations to be in a rock cavity, 
the basin of the lake, we should expect them to take somewhat of 
the form seen in the following section (fig. 38), where a represents 


Fig. 38. 



the first gravel and sand deposits, forced over at e, b mud, gradually 
accumulated over the rock basin, d the advance of the delta over 
the mud, and ff the surface of the lake beyond the delta. Under 
such conditions we should have irregular beds of sand and gravel, 
with occasional patches of clay, the result of deposits in local stag- 
nant places, based upon a clay which here and there, in its upper 
portion, might contain sand or sandy clay, the effects of floods 
carrying such matter in mechanical suspension beyond the delta 
into deeper water, and there depositing it upon the mud. 

Still referring to the plan, fig. 37, we should expect the accumu- 
lations at the junction of the torrents, d and e, with the lake, to be 
much modified in character. To render the case more illustrative, 
we may consider that, from the nature of the rocks traversed by the 
respective torrents, little else than fragments of hard substances arc 
shoved forward by rf, while much earthy matter and soft rocks, 
easily comminuted by friction, are mingled with the harder frag- 
ments thrust into the lake hy e. If a small amount of earthy matter 
be carried forward by rf, the accumulation where the torrent enters 
the lake would form little else than a protruding mass of fragments, 

* If a long trough be ailed with clean water, and turbid water be very quietly 
poured Into it at one end, the mode In which the latter ands Ita way beneath the 
former will be at once seen. 
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composed of beds different in position, but dipping at angles vary- 
ing probably from 20° to 30° around the general curve of the pro- 
trusion; while such finely-comminuted matter as was held in 
mechanical suspension would descend to the bottom, and steal 
along beneath, as previously mentioned, adding to the mud derived 
from the chief stream c. The accumulations formed at b by the 
torrent c, would be of a mixed character between those produced 
by c and d. These causes continuing, the lake would be eventually 
filled up by clays, sands, and gravels brought into it by the rivers 
and torrents, the surface waves acting upon much of the higher 
accumulations as the general depth decreased. Finally, the out- 
falling river/, clear as that of the Rhone, where it quits the lake 
of Geneva, while the lake lasted, would be joined to the river c ; 
d and e, as two tributary streams adding their waters to it, and 
the whole would traverse a plain, much as represented beneath 
(fig. 39), muddy sediment being added to the surface of the plain 
from time to time by floods, and the torrents still thrusting forward 
fragments of rock and pebbles where they joined it. 


Fig. 39. 



Great modifications of the mechanical accumulations here noticed 
will readily present themselves to the attention of an observer ; 
aud, if he will combine .some of them with the chemical deposits 
previously noticed, and add the harder parts of the animals which 
have either lived in, or been drifted into, the lakes, as also the 
leaves of trees and other plants, and the branches and trunks of 
trees which may eventually fall to the bottom after having Ix^en 
borne onwards sometimes quietly, at others confusedly and rapidly, 
he may better appreciate the still greater modifications to whicli 
lacustrine accumulations may be subject. 
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ACTION OF THE SEA ON COASTS. — DIFFERENCE IN TIDAL AND TIDKLESS 

SEAS. — UNEQUAL ABRASION OF COASTS. — SHINGLE BEACHES.— CH ESI L 

BANK. — COAST SAND-HILLS. 

Before we consider the accumulations effected in the sea, it is 
desirable to call attention to the action of the sea on coasts, since 
that action often contributes, in no small degree, to the matter of 
which such deposits are formed. 

The sound produced by the grating and grinding of the pebbles 
of a shingle beach, even when the breakers on sliore are compa- 
ratively unimportant, can scarcely have escaped the attention of' 
those who have, even for a short time, visited coasts where such 
beaches, and they are common, are to be found. It will soon be 
apparent, that this friction, if continued for ages, must not only 
wear down the pebbles to sand, but grind away and sm(X)tli off even 
the hard rocks exposed to such powerful action. It is, liowcver, 
when the observer sees the huge masses of rock moved by breakers 
arising from a heavy gale of wind, blowing on shore from over a 
wide spread of open sea, or from the long lines of wave known as a 
ground mvell, that he not only leams to value the force of the water 
taken by itself, thus projected against a coast, but also the additional 
power it possesses of abrading the cliffs which may be opfioscd to 
the breakers by the size and abundance r>f the shingles tlu^y can 
then hold in meclianical suspension. 

Properly to appreciate the power of breakers, a geologist shriuld 
be present on an exposed ocean coast, such as that of Western 
Ireland, the Land’s End (Cornwall), or among the Western Islands 
of Scotland, during a heavy and long- continued gale of wind from 
the westward, and mark the effects of the great Atlantic waves as 
they break and crash upon the shore. He will generally find in 
such situations that, though the rocks are sc<^>opcd and hollowed 
into the most fimtastic forms, they are still hard rocks ; lor no others 
could long resist the breakers, which, with little intermission, act 
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upon them. Not only blocks of rock resting on the shore are 
driven forward by the repeated blows of such breakers, but those 
also firmly bolted down on piers are often thrown off and driven 
aside in far more sheltered situations. The history of many a pier 
harbour is that of the destructive power of breakers, and those who 
have witnessed a breach made in such a harbour during a heavy 
gale of wind, are not likely to remain unimpressed with the im- 
portance of breakers in the removal of land.* 

Slight attention to the manner in which waves break on a coast 
will soon show that, upon the prevalent winds and the proportion 
of those which force the greatest waves, or seas, as they are generally 
termed, on shore, will depend, other things being equal, the greatest 
amount of destructive action. Thus, on a coast on which western 
winds prevail, and there is suflScient extent of open sea before it, 
we should expect to discover the greatest loss of land, the force of 
the breakers being there the greatest and most incessant. As a 
whole, the coasts of the British Islands are exposed to the heaviest 
and most incessant breakers from winds ranging from the N.W. to 
the S.W., and but slight acquaintance with our coasts will soon 
satisfy the geologist, that if the other coasts of our islands were 
exposed to an equal amount of abrading force, a large portion of 
them would soon be cut away at a far more rapid rate tlian at 
present. 

With regard to the force of breakers on the coasts of' the British 
Islands, Mr. Stevenson has found by experiments at the Bell Eock 
and Skerry vore lighthouses, f that while the force of the breakers on 
the side of the German Ocean may be taken at about a tow and a 
half upon every square foot of surface exposed to them the Atlantic 
breakers fall with about double that weight, or three tows to the 
square foot. Thus a surface of only two square yards would sustain a 
blow from a heavy Atlantic breaker equal to about fifty-four tons. 

Taking an equal amount of prevalent winds and of open sea over 
which they may range, it will soon be observable that the abnusiou 


* During a heavy gale in November, 1824, and also in another at the commence- 
ment of 1829, bloc^ of limestone and granite, from two to five tons in weight, were 
washed about at the breakwater, Plymouth, like pebbles. About 3(X) tons of such 
blocks were borne a distance of 200 feet, and up the inclined plane of the breakwater. 
They were thrown over it, and scattered in various directions. In one place a block 
of limestone, seven tons in weight, was washed a distance of 150 feet. We have seen 
blocks of two or three tons, tom away by a single blow of a breaker and hurled 
'(ver into a harbour, and one of one and a half or two tons, stiongly trenailed down 
ipon a jetty, tom away and tossed upwards by the force of another. 

t Proceedings of the British Association fbr the Advancement of Science, "din- 
jurgh, 1850. 
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of rocks, of equal hardness and similar position, is modified according 
as the adjoining seas are tidal or tideless. In the latter case, though 
no doubt the pressure of the wind upon water raises it to levels 
above those which it commonly occupies, the difference is not so 
considerable as to bring any large faces of cliff exposed to the action 
of* the breakers. A beach, moreover, piled in front of a cliff is, in 
such seas, as rarely passed and the cliff attacked. In tidal seas, on 
the contrary, many feet are vertically exposed to the fury of the 
breakers as the tide rises and falls ; and beaches piled up in mo- 
derate weather are, in fitting situations, removed by the return 
action of the breakers, so that the cliffs are again open to abrasion. 
Moreover, the rocks are exposed to greater decomposition from 
being alternately wet and dry, a consideration of some importance 
in many climates, particularly in those where the temperature falls 
below the freezing point of water during certain seasons of the year. 
It should not, nevertheless, be forgotten that coasts, where breakers 
reach the cliffs at high water, are frequently protected by beaches 
at low water ; and that, therefore, they are moved from the abrading 
power of the waves during all the time that they fall on the pro- 
tecting beaches — a time which changes with the varying state of’ 
the tides and of the weather generally. 

Attention will not long have been given to the abrading action 
of breakers on coasts before it will be seen that there are many 
circiunstances modifying the effects which would be otlierwise pro- 
duced. It will be observed that the wearing away of coasts is, 
among the softer rocks more especially, often much accelerated by 
land-springs, which, as it were, shove portions of the cliffs into the 
power of the breakers by so moistening particular beds or portions 
of them, that much of the cliff loses its cohesion, and is launched 
seaward. The loss thus sustained in some coasts is very con- 
siderable. 


Fig. 40. 
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So far from being thus brought by, so to speak, inland influences 
within the reach of the sea, in other situations we find the higher 
parts of cliffs protruding over the sea beneath, as in the previous 
sketch (fig. 40), when we suppose the parts of the rock to be so co- 
herent that the breakers have been enabled to excavate the lower 
part of the clifl!* in the manner here represented. The same action 
continuing, a time must come when the weight of the overhanging 
portion will outbalance the cohesion of the rock, and the mass above 
will fall. Breakwater, as it then becomes to a part of the cliff, 
much will depend as to the length of time it may so act, according 
to the manner in which it has fallen, particularly if stratified. If 
composed of beds of rock, and the slope of these beds face the sea, as 
in the following sketch (fig. 41), the breakers will have less power 

Fig. 41. 



to act upon them, than if the edges of the strata were presented to 
tlie sea, as represented beneath (fig. 42), in which position they 
offer the least resistance to the destructive action of the sea 


Fig, 42. 



It will bo sometimes found, that a hard rock constitutes the high 
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part of a cliff, while the lower portion is composed of a softer 
substance, such as a clay or marl, and that masses of the harder 
rock falling from above afford protection, for a time, to the lower 
part of the cliff. Thus, let a in the annexed section (fig. 43) re- 

Fig. 43. 

a 


h 

present the upper portion of a cliff formed of hard beds of rock, such 
as sandstone, while 5 is a marl or clay, then the action of the sea, 
dy upon the cliff would undermine it, and cause the fall of masses 
of the hard rock, c, which, accumulating at its base, would tend 
to protect it according to the quantity of fallen rock, the size of the 
masses, and their hardness. It will be found that cliffs composed 
as a whole of somewhat soft rocks, and clays, marls, or slightly 
indurated sandstones, are often protected at their bases by an accu- 
mulation of indurated portions of these rocks. Thus let the 
accompanying section (fig. 44) represent a clay in which there are 

Fig. 44. 


a 


a 


b 

nodules of argillaceous limestones, as a a (and those of septaria in 
clays are often large), which, when washed out by removal of the 
clay, accumulate on the beach b. These then tend to protect the 
base of the cliff from the destructive action of the breakers. 
The study of any extended line of coast composed of horizontal or 
slightly-inclined beds of rocks of unequal hardness will present 
abuneWt examples of the modified protection afforded to the base 
of cliffs from the accumulation of masses derived from them. 
Striking examples axe often to be found on our shores of the 
wearing away of the land by the action of the breakers, so that 
rocks st^d out in the sea detached from the main body of the land, 
but which once evidently form^ part of it. Perhaps the 
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accompanying sketch (fig. 45) of the cliffs near Bedruthan, Corn- 
wall, may afford an idea of the manner in which some of our coasts 
are thus cut back by breakers. The islets here represented have 
been formed by such an abrasion of the rocks to the present cliffs 

Fig. 45. 



of the mainland, that portions, somewhat harder, and better resist- 
ing the action of the breakers than the rest, have remained. The 
breakers not imfrequently work round portions of the cliffs, forming 
a cave through a projecting point or headland. This, from the 
continuance of the same destructive action, becoming gradually 
enlarged, the roof, from the want of support, falls, and the point 
becomes an island, round which the breakers work their way, 
gradually increasing the distance between it and the mainland. 

As might be expected, amid the wearing away of coasts by 
breakers, innumerable instances present themselves of unequal 
action on the harder and softer substances, according to their ex- 
posure to the destructive power employed upon them, so that long 
channels and creeks, and coves of every variety of form, are worked 
away in some situations, while hard rocks protrude in others. 

Fig 46. 
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Coves afford shelter to the fisherman, from being hollowed out in 
some localities, while the hard ledges act as natural piers in others. 
The previous sketch (fig. 46), of Polventon Cove, on the east of 
Trevose Head, Cornwall, may be taken as a fair illustration of a 
harbour scooped out by the action of the breakers, which have so 
worn away the slate a, from a line of hard greenstone, J, that the 
latter forms a natural pier, named the Merope Eocks, affording 
shelter from the north-west winds, which, when strong, are much 
to be dreaded on this coast.* 

It is not often, however, we should expect, though it must some- 
times occur, that a mere trace of beds, superincumbent upon 
dissimilar rocks, can be found on coasts, showing how such may be 
entirely removed from the subjacent rocks by the action of the 
breakers. In this respect, the annexed sketch (fig. 47), may be 


Fig. 47. 



useful. It represents a small patch a, of a conglomerate of the 
new red sandstone series, named the Thurlestone Eock (in 
Bigbury Bay, South Devon), reposing, with a moderate dip sea- 
ward, unconformably upon the edges of Devonian slates h. Here 
the breakers have almost entirely removed the red conglomerate 
which was deposited upon the slates, and, no doubt, once covered 
them far more extensively than is now observable. 

In estimating the abrading power of breakers on an extensive 
line of coast, it is desirable not only to direct attention to the 
relative hardness of the rocks of which it is composed, but also to 
the position of the beds (if the rocks be stratified), and to the planes 
of slaty cleavage and of joints. It will soon be apparent that 
among stratified rocks, lines of coast, under otherwise equal cir- 
cumstances, depend on the directions and dip of the beds. Their 
position relatively to the force of the breakers is necessarily impor- 
tant ; for if a series of beds, such as those in the accompanying 

♦ Polventon Cove was at one time well known as a smuggling station, and is now often 
visited by vesseb waiting for the tide into Padstow Harbour, a few miles distant. 
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sketch (fig. 48), dip seaward, the action of breakers falling on them 
in the manner represented would be comparatively trifling, since 

Fig. 48. 



the return of one breaker down the seaward slope of the beds, 
diminishes the force of the next falling upon it, and the power of 
the remainder, rushing up the slope, is gradually expended, and 
meets with no direct obstacle upon which it can destructively act . 
The positions in which the edges of the beds of* any given rock are 
exposed to the action of the sea, are those where the abrading power 
of the breakers is most successfully exerted. Let us suppose that 
the annexed plan (fig 49) represents a line of coast exposed to the 


Fig. 49. 



north and west, and that the abrading action of the breakers is 
equal from both points ; then the effects produced will depend upon 
the resisting powers of the rocks themselves. Taking the country 
to be composed of beds of slates and sandstones, having u strike or 
direction f'rom east to west, and a dip about 45° to the north ; then, 
supposing no cleavage planes, and the slates to be parallel with the 
sandstone beds, the resisting powers of the rocks would be greatest 
on the northern coast, since the beds would there all slope seaward, 
while the same rocks would be liable to much abrasion on the west, 
the edges of the beds being exposed in that direction. Numerous 
indentations would be the result, similar to those represented in the 
plan, the softest beds being worn into the deepest coves, and the 
harder constituting the most prominent headlands. 
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In all investigations as to the loss of land from the action of the 
sea upon it, dependence can rarely be placed on old maps of coasts, 
which are for most part very inaccurate ; indeed, there would be no 
difficulty in producing those which would, when compared with a 
good modem survey, apparently show an increase of half or three- 
quarters of a mile on a cliff coast, where, in fact, there had been 
considerable loss. 

We have seen that cliffs become abraded by the action of the 
breakers, sometimes alone, at others combined with that of the 
atmosphere and of land-springs. The mineral matter so brought 
within the influence of the sea has to be removed, and observation 
soon shows, that while one part of it is caught up in mechanical 
suspension, and is then liable to be carried away by the movements 
of tides or currents, another portion remains and is exposed to the 
grinding action of the breakers on the coast. This latter portion 
necessarily varies in size from the block, which can only be shaken 
by the blows of heavy breakers discharged upon it, acting with their 
greatest power, to the small pebble temporarily caught up in 
mechanical suspension, even by minor breakers, but which again 
sinks to the bottom when not exposed to their influence. 

It will be observed, respecting shingle beaches, that during a 
heavy on-shore gale, every breaker is more or less charged with the 
materials composing the beach, and that the shingles are forced 
forward as far as the broken wave can reach, their shock against the 
beach driving others before them, not held in temporary mechanical 
suspension. Shingles are thus projected on the land beyond the 
reach of the retiring waves, and there accumulate in long ridges 
parallel to the coast, especially where the land is low behind the 
shingle beach. Heavy on-shore gales and high tides combined 
necessarily produce the greatest accumulation of shingle in such 
localities, and although occasionally a breach may now and then be 
formed at such times, it becomes speedily filled up by the piling 
action of the breakers. 

Attention to a shingle beach will soon show, notwithstanding the 
minor removal of portions from one place to another, backwards and 
forwards, and the modifications arising from the obliteration of the 
little lines of beach, not unfrequently produced during moderate 
weather, that as a whole it travels in the direction of the prevalent 
breakers until arrested against some projecting portion of the coast 
This must happen, if any force act upon the shingles more in one 
direction than another, since they would be compelled to travel in 
conformity with it ; and observation proves that speh is the fact. 
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for not only do we find pebbles of known rocks thus moved from 
the particular portion of cliff whence they have been derived, but, 
also, though breakers appear to adjust themselves to the tortuous 
character or outline of a coast, that there is always a slight oblique 
action in consequence of the main direction of the wind at the time. 

One of the simplest forms in which the shingles of a beach are 
seen to have travelled is where, as in the annexed plan (fig. 50), we 


Fig. 50. 



find a spit of shingle beach, tZ, composed of pebbles evidently 
derived from a coast, 5, stretching in the direction to which the 
prevalent winds blow, the shingle beach being unable to cross over 
to the opposite coast (a) in conseque):ce of the flow and ebb of the 
tide in and out of‘an estuary (6, (?), into which a river (f) discharges 
itself at the higher end. In such cases, and they are to be seen in 
many situations, the rush of water is able to keep the channel open 
between the spit of beach d and the coast, a, not on the side of the 
prevalent winds, the ebb tide, especially when the river is in flood, 
effectually keeping the passage clear, and throwing off the shingle, 
which strives to cross over and block up the estuary. 

There are good examples on the coast of Devonshire, at Teign- 
mouth and Exmouth, of tongues of beach thus formed, but trending 
in different directions, exposure to the prevalent breakers being 
clearly seen to be the cause of the opposite directions taken by the 
beaches. At Teignmouth, a small portion only of the beach is 
derived from the rocks on the southward, and the river mouth is 
protected from the southerly and south-west winds, but exposed to 
the eastward and north-east. Hence, the beach is driven to the 
southward, and the river keeps its channel open by escaping against 
the hard cliffi of the Ness Point. The reverse of this action is 
observed at Exmouth. 

We have various examples on our coasts (the Looe Pool, near 
Hclston, Cornwall, and Slapton Pool, in Start Bay, Devon, are 
illustrative instances), where the river waters being insufficient 
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to contend with the beac!)-piling action of the breakers, the outlet 
for the fresh waters is completely crossed by beaches, and lakes arc 
formed behind them, the surplus waters percolating through the 
shingles. From tliis state of things to the escape of a river, by 
passing close to a hard cliff, there is every modification. In many 
localities exposed to open sea, the minor streams will be found 
dammed up by, or cutting through beaches, according to the state 
of the weather. A lieavy on-shore gale throws up a bar of beach, 
which a flood from the land removes, and so the conditions alternate, 
witli every kind of modification. The following (fig. 51) is a scc- 

Fig. 51. 
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tion through the beach and lake at Slapton Sands, Start Bay, a, 
being the sea, which throws up the beach 6 ; c, the freshwater lake 
behind the beach ; d, the weathered and decomposed portion of the 
slate rocks e. This section is interesting also from showing that, 
at the present relati ve levels of sea and land in that locality, the sea 
has not acted on the hill d e, since the loose incoherent substance 
of d would have been readily removed by the breakers. 

The Chesil Bank, on the coast of Dorsetshire, affords a good 
example of the driving forwards of shingle in a particular direction 
by breakers, produced by the action of prevalent winds. It is 
about 16 miles long, connecting the island of Portland with the 
mainland, and for about eight miles from that island, is backed by 
a narrow belt of tidal water, known as the Fleet. From its posi- 
tion, the heavy swells and seas from the Atlantic, often break 
furiously on this bank, which protects land that would otherwise 
soon bo removed by them. The following (fig. 52) is a section 


Fig. 52. 



across tlie Chesil Bank, a being the bank ; b, the water termed tlic 
Fleet ; c, small cliflTs formed by the waves of the Fleet, and by falls 
from the effects of land springs ; d, various rocks of* the (X)litc group, 
protected from removal by the Chesil Bank, and e, the sea, open to 
the Atlantic. In this case also we seem to have an example of* the 
Atlantic breakers not having reached the land behind since the 
relative levels of the sea and land were such as we now find them. 
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A gradual sinking of the coast would appear to afford an explana- 
tion of the phenomena observed, and is a supposition harmonizing 
with the facts previously noticed at Slapton Sands. 

The general travelling of shingles on a coast, much modified by 
conditions, may be illustrated by the following plan (fig. 53), in 

Fig. .53. 



which G, 0, B, A, and F, represent a line of coast exposed to the 
prevalent winds W. W. The lines of waves are shown by dotted 
lines, made to curve inwards behind protecting headlands. In 
consequence of the configuration of the coast, and its chief exposure 
to the action of breakers, the shingle would tend to travel from A 
to F on the one side, and from A to G on the other. There would 
be little impediment to their course along the line A F, until the 
river, on the right, presented itself, where K represents a cliff of 
hard rock, and F, the tongue of drifted beach, arising from the 
conditions previously noticed (p. 55). Between A and G the 
effects would be different, particularly if it be assumed that the 
point of land B projects into deep water. Considering the river at 
D as small, the beach would traverse its mouth and be only 
removed during heavy floods, so that the mass of shingle would 
tend to travel towards the point B, and there descend and accu- 
mulate in deep water. Supposing C another point of land jutting 
into deepwater, it would bar the further progress of the shingle travel- 
ling from M to it, a beach closing the outlet of the lake at E, assumed 
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to be diallow, and under the conditions previously mentioned as 
existing at the Looe Pool and Slapton, the back fresh-waters being 
unable to force outwards the beach accumulated by the breakers. 

At L (fig. 53), we have shown a marsh accumidation behind the 
protecting influence of the shingle beach F, this accumulation 
being a deposit from the checked waters of the river, by the action 
of the flood-tide, when rains had caused detritus to be borne down 
in mechanical suspension by the river. The annexed plan (fig. 54) 
may aid in showing the modification often observable where the 
tongue of beach is composed of sand, backed by sand-hills : a repre- 

Fig. 54. 




S 

sents a tract of low level land, which may either have been 
fonned by the filling up of an estuary under existing conditions, 
or be the bottom of an estuary of a previous time, now raised ; 5, h 
a sandy beach and sand-hills, protecting the low land from the 
ravages of the sea ; and e, e, a river which makes good its course to 
the sea, by keeping close to the hard cliff c. We have also assumed 
that a small stream, such as /, occurs, so that it does not find its 
way to the main stream, but loses itself in pools amid the sand-hills, 
the mud from it tending to consolidate and cement the blown sands, 
binding them together, and hence supporting a vegetation which 
would not otherwise have found the conditions for its growth. 

In these situations there is often a severe struggle between the 
action of the sea (swept by prevalent winds w (fig. 54), piling 
sand upon the beach 5, J), assisted by that of the wind on the sand- 
hills, and the waters of the river. The effect of such a little stream 
as / is not imfrequently to give much firmness to the end of the 
beach and sand-hills towards while the sand blown over towards 
the main river is caught up by it and again carried out to sea, 
particularly during floods. 
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Let us now consider sandy beaches and sand-hills, bordering 
coasts generally. The sand on sea-shores is derived from the rivers 
bearing it down in mechanical suspension, or forcing it forward on 
the bottom to the sea ; from the wearing away of cliffs of sand and 
sandstone by breakers, or from the attrition of the pebbles or shin- 
gles on beaches, so that finally they become mere sand. To these 
causes must, in certain localities, be added the trituration of shells 
and corals, ejected from the sea and piled up as beaches, in some 
places by themselves, at others variously mingled with ordinary 
sand. 

Kcgarding the common occurrence of sea-shore sand of a certain 
average degree of fineness, it should be observed, that as detritus 
approaches that size it becomes more and more difficult to reduce 
it further, since it is then more and more easily caught up in 
mechanical suspension by breakers, and therefore grain cannot so 
readily be ground against grain. 

The accumulation of sand-hills can as readily be studied on 
various portions of our own coasts, as in those parts of the world 
where the shores present little else than sandy dunes for hundreds of 
miles. A low line of coast with a shallow sea outside, and pre- 
senting a fair exposure to breakers, is usually sufficient for their 
production. The greater amount of shore dry at low water in tidal 
seas, and the greater the exposure to prevalent winds, the larger is 
commonly the accumulation of the sand-hills, other conditions being 
equal. The cause is sufficiently obvious. A large tract of sand, 
exposed between high and low water mark, and imder the influence 
of a strong on-shore wind, is soon partially dried on its surface, and 
the dried sand is swept inland beyond the reach of the breakers of 
the rising tide, which could liave again caught up this sand in 
mechanical suspension and have distributed it. 

It is desirable, that the observer should select some day, when a 
strong on-shore wind blows over a tract of sand, and the drier the 
state of the atmosphere the better, to see the manner in which the 
grains of sand are transported inland, and to mark the various 
modifications of surface which arise from the deposit of the sand 
among the sea-weeds, or pebbles, should any occur. He will find 
that, while some grains of sand may be held in mechanical suspen- 
sion by the wind at a height of an inch or so from the sandy 
surface beneath, the friction of the air on the latter produces such 
retardation of the wind current, that similar grains of sand are 
merely swept along the bottom. In such respects this perfectly 
accords with the movements of detritus in river channels, and 
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above noticed. The difference is merely that the transporting 
power is air in the one case, and water in the other. Indeed, this 
action is so completely of the same kind, that the furrows and 
ridges produced by the fnction of water currents over arenaceous 
accumulations, may be advantageously studied where wind currents 
drive over sand. 

' To observe the manner in which the sands furrow and ridge, 
and move onwards, a time should be chosen when the wind is not 
sufficiently powerful to hold the sand in mechanical suspension, 
but merely to drive or push it onwards. The ridging, as shown 
in the annexed section (fig. 55), is accomplished by the driving of* 


Fig. ^ 5 . 



the grains with sufficient force by the wind acting in the direction 
w, w, merely to carry onwards those on the surface, the retaidation 
of* which by friction on those beneath so acts that the grains at 
are driven on to the ridge a', and by accumulation (the power of 
the wind being sufficient to cut down the ridges to a kind of* gene- 
ral level, or curve, as the case may liappen to be) fall over into 
the furrow 5^, and so on with the ridges a® and a®. As the friction 
is continued, the crests of the ridges advance, and their places are 
occupied by furrows, to be replaced by ridges. When the velocity 
of the wind is favourable for researches of this kind, an observer 
will best see the advance of the ridges, by placing himself amid 
the moving surface, and directing his attention to the ridges 
nearest him, at the same time making due allowance for the obsta- 
cles presented by his feet, which will produce modifying influences, 
readily appreciated. 

Arrived at the margin of the shore line, the sands pushed 
forward in the manner noticed, or caught up in mechanical suspen- 
sion, when the winds are sufficiently powerful, accumulate, forming 
ranges of sand-hills, in some countries characteristic of long lines of* 
coast. By their accumulation and tendency to move inland, in the 
direction of the prevalent and more powerful winds, they produce 
changes upon the adjoining low lands, and even upon considerable 
slopes of adjoining hills. The sands accumulated in the Bay of 
Biscay, may be considered as affording an illustrated instance of 
this encroachment on the land, and the modifications thence pro- 
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duced, inasmuch as great changes are known to have been there 
effected during the historical period. 

The advance of these dunes is described as irresistible, and at a 
rate of 60 and 72 feet per annum. They force before them lakes 
of fresh water, formed by the rains, which cannot find a passage 
into the sea in the shape of streams. Forests, cultivated lands, and 
houses disappear beneath them. Many villages noticed in the 
middle ages have been covered, and a few years since it was stated, 
that in the department of the Landes alone, ten villages were 
threatened with destruction. “ One of these villages, named 
Mimisan, has been,” said Cuvier, ‘‘ striving for 20 years against 
them ^ and one sand-hill, more than 60 feet high, may be said to 
be seen advancing. In 1802, the lakes invaded five fine farms 
belonging to St. Julien; they have since covered a Boman cause- 
way, which led from Bordeaux to Bayonne, and which was seen 
about 40 years since, when the waters were low. The Adour, which 
was once known to flow by Vieux Boucaut, and to fall into the sea at 
Cape Breton, is now turned aside more than a thousand toises.”* 

There are few extended lines of coast which will not afford 
opportunities for the observation of sand-hills, and their mode of 
accumulation and change, for strong winds acting upon even a 
comparatively exposed surface, soon produce a marked alteration 
of their form. Successive accumulations, shown by the remains of 
surface vegetation grown during times where it could partially 
establish itself, are cut away and heaped up into other hillocks, 
new matter derived from the sea being added to the general mass. 
At times, a strong off-shore wind forces sand back to the sea, act- 
ing not only on the sand-hills over which it blows, but also on the 
dried surface of the sands bared between high and low tide, these 
3till more easily carried seaward when left dry for a longer time, 
between the highest lines of neap and spring tides. 

As the sand commonly found in sand-hills is not usually borne 
ligh in mechanical suspension by the winds, such districts will 
lot long have engaged attention before the power of running 
water, even of small streams, if their courses be unobstructed and 
^rly rapid, will be seen to prevent the extension of blown sands. 
|?he sand drifted, falling into the streams, is carried onwards by 
jiese waters, and is thus prevented from traversing them.t Sand- 

I- 

I Cuvier, Dia. sur lea Benolutwna du Oldbe. A thousand toises is about 6,400 English 
let, or somewhat less than a mile and one quarter. 

I t Good examples of this fact may be observed on the coast of Cornwall. The 
^'erran Sands are thus bounded for nearly two miles between Treamble and Holy 
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drifts are sometimes also foimd stopped by the flow of tidal waters 
in and out of lagoons. Of this kind, the accumulation of sand at 
the northern side of a spit of land, terminated by sand-hills, near 
Tramore, on the eastern coast of Ireland, may be considered as a 
good example. 

As having a geological bearing, the observer would do well 
to direct his attention to the manner in which the remains of 
v^etable and animal life, both terrestrial and marine, become 
mingled in sand-hills. Portions of seaweeds will frequently be 
found blown, when dry, amid the terrestrial vegetation of the 
sand-hills ; and the shells of the helices, which are often found in 
multitudes in such situations get mingled with marine shells, or 
their fragments. 

In some situations, the sand-hills are largely composed of com- 
minuted shells, ground to that state by the breakers ; and in such 
cases, consolidation of parts of them may be observable, having the 
hardness of many sandstones. The carWate of lime of the shells 
becomes acted upon by the carbonic acid in the rain waters, 
with additions from decomposing vegetation, when plants have 
established themselves on the surface of the sand, and a final 
deposit of the carbonate of lime, thus held in solution, agglutinates 
the grains of sand together. Indurated sands of this kind arc 
sufiiciently hard, occasionally, to be employed lor building pur- 
poses.* 


Well Bay. Much land is stated to have been covered by drifts from the Perran 
Sands, in consequence of a small stream having been covered by mining operations 
near Gear. 

♦ The consolidated calcareous sand of New Quay, Cornwall, has been long used as 
a building stone. Not only is the neighbouring church of Crantoch built of this 
modem sandstone, but very ancient stone coffins Lave also been discovered, composed 
of the same consolidated sand, in the adjoining churchyard. The grains are so firmly 
cemented in this New Quay sandstone, that where it graduates into a kind of con- 
glomerate, pebbles of quartz and hard sandstone are generally broken through by a 
blow on the compound rock. 
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MISSISSIPPI. 

As tideless seas might be considered as mere salt-water lakes, the 
distribution and deposit of detritus in them would, as a whole, 
resemble that of fresh-water lakes, particularly of those attaining 
the magnitude of the great North American lakes, but for the 
difference in the relative specific gravities of their waters. Slight 
attention to the overflow of rivers swollen by rains, and charged 
with mechanically-suspended matter, into the sea, will show that 
the discoloured waters of the rivers, instead of falling beneath the 
waters into which they flow, as is seen at the higher part of 
the lake of Geneva, and numerous other lakes, proceed seawards 
on the surface of the sea waters, and often to considerable dis- 
tances. The cause is simply that, though discoloured by the 
detrital matter held in mechanical suspension, these river waters 
are still specifically lighter than the sea waters into which they 
flow. 

The distances to which the river waters sometimes flow sea- 
ward, transporting fine detrital matter, parting with it gradually, 
must, when the great rivers of the world become full and turbid, 
be often very considerable. Colonel Sabine has stated, that at 
three hundred miles distant from the mouth of the Amazons, 
discoloured water, supposed to come from that river, was found, 
with a specific gravity of 1*0204, floating above the sea water, 
of which the specific gravity was 1*0262, the depth of the lighter 
water being estimated at 126 feet. It would be well that observers 
should direct their attention to such facts, for their accumulation 
would tend much to show us the extent to which fine sedimentary 
matter may be thus borne beyond the action of tides and coast 
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currents.* As much matter may be thus distributed in chemical 
solution, valuable information might also be collected as to the 
kind and quantity of substances so held in solution. 

From the varied depths near its shores, the Mediterranean 
affords us a good example of the deposits effected in seas wliich 
are commonly termed tideless. The great rivers which discharge 
themselves into it, such as the Nile, Po, and Rhone, now trans- 
port little sedimentary matter that is not finely comminuted, and 
of easy mechanical suspension. The Nile, which has been esti- 
mated to deliver a body of water annually into the Mediterranean 
about 350 times that which flows out of the Thames, beginning to 
rise in June, attaining its maximum height in August, and then 
falling until the next May, must thrust forward, from its perio- 
dical rise and fall, fine sedimentary matter with great regularity, 
tending thus to produce consecutive layers or bals of mud and 
clay of considerable uniform thickness and character, in those 
situations where modifying conditions do not interfere. Part of 
the fine matter brought down fi'om the interior in mechanical sus- 
pension is deposited on the lower grounds traversed by the Nile ; 
and it has been calculated that the surface of Upper Egypt has, in 
this manner, been raised more than six feet since the commence- 
ment of the Christian era. The line matter not so deposited, pass- 
ing with the river waters seaward, is necessarily borne furthest 
outwards when the greatest force of the river water prevails, 
namely, in August of each year. 

The matter thus borne seaward may be kept a greater or less 
time mechanically suspended, according U) the agitation of the 
surface by winds, but, as a whole, there must be an average 
area over which it is thrown down ; the greatest distance of the 
deposit from the mouths of the Nile being attained in August, 
though the greatest thickness of a year's deposit will be nearer 
the land. As the river mouths advance, these sheets of fine sedi- 
ment would be expected to extend further seaward, overlapping 
each other. 

Where the surface of the sea cuts the slightly-inclined plane of 
sedimentary matter, partly in the sea, and partly on the land, the 


♦ Very little practice would enable those who may have opportunities of making' 
such observations to ascertain the amount of matter mechanically suspended in waters 
of this kind. If the scales be not very delicate, by pouring a large volume of the 
water through a filter, previously weighed, such an approximation to the truth may 
be obtained as might be useful. As previously observed (p. 28), mere evaporation of 
the water would give not only the matter In mechanical suspension, but that also In 
chemical solution. 
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breakers separate the finer from the coarser substances, keeping 
the former easily in mechanical suspension, and removing them 
from the shore outwards. The result is, an arenaceous boundary, 
with banks so formed as to include lagoons, such as are seen in 
the accompanying sketch of the delta of the Nile (fig. 56), at 
Lakes Mareotis, Bourlos, and Menzaleh. 


Fig. 56. 



These lakes gradually fill up, the shore advances, and so, even 
supposing the same relative level of‘ sea and land not to be altered 
through a long succession of ages, the bed of the Mediterranean 
becomes more shallow in that region, and a mass of matter, such, 
for the most part, as would eventually form clay, is accumulated ; 
the upper portion sandy from the action of the breakers upon the 
level of the sea, and from the sifting action, so to speak, of the 
waves further seaward, at depths where that influence could be 
felt. 

From the periodical character of the rise of water in the Nile, the 
equivalent periodical deposits might even be marked by bands or 
layers extending to distances bearing a relation to the amount of 
transporting power of the river waters, so that coarser particles 
could be carried further and over more extended areas at one time 
than at another. The general deposit, however, gradually advanc- 
ing seaward, successive annual accumulations would, as a whole, 
overlap each other. 

When we regard the Po and Rhone, we have not the same very 
marked periodical rise of their waters ; though no doubt, taken as 
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a whole, there may annually be times when more matter is borne 
outwards than at others. With the exception of the regularity of 
effects likely to be produced by the rise and fall of their waters, the 
accumulations formed by deposit from the detrital matter borne 
seaward by the Po and Ehone would, however, be similar to those 
of the Nile the same discharge of fresh waters holding matter in 
mechanical suspension over the surface of the sea, the same sifting 
of the detritus so borne seaward, where the action of the waves can 
reach it, and the same general order of accumulations, t As the 
general mass of matter advanced, there would be mud or clay 
formed at the greatest distance from the land, over which the sands, 
separated from the finer or mud-formed particles in the shallow 
water and along shore, would gradually be spread, mingled here 
and there with a patch of clay, or silt clay, deposited in the lagoons, 
behind lines of beach thrown up by the breakers. 

These rivers are merely mentioned as marked examples. An 
inspection of a good chart of the Mediterranean will show that 
there are many others, the floods in which only bear mud and 
sands into it, the lieavier detritus not reaching the shores, tlic fall 
of the river beds, and the force of their waters, being insufficient. 
In all such cases the accumulations would be mud or clay for a 
base, with an arenaceous top, so far as the causes we have noticed 
could prevail. It will be obvious, that clay may be accumulated 
in the depths seaward, while sands are advancing from the shore 
towards them, so that, if at any future geological period, the whole 
became uplifted above the level of the sea, we might have a sheet 
of arenaceous matter covering another of clay, the parts of each, 


♦ As respects the Po, M. Prony considered himself authorised to conclude, from 
the examination of a large amount of evidence, “ First, that at some ancient pericnl, 
the precise date of which cannot now be ascertained, the waves of the Adriatic 
washed the shores of Adria. Secondly, that in the twelfth century, before a passage 
had been opened for the Po at Ficarrolo, on its left or northern bank, the shore had 
already been removed to the distance of 9,000 or 10,000 metres (5^ to 6 miles) from 
Adria. Thirdly, that the extremities of the promontories formed by the two principal 
branches of the Po, before the excavation of the Taglio di Porto Viro, had cxteiKled 
by the year 1600, or in 400 years, to a medium distance of 18,500 metres (about 11 J 
miles) beyond Adria; giving from the year 1200 an average yearly increase of the 
alluvial land of 25 metres (82 feet). Fourthly, that the extreme point of the present 
single promontory, formed by the alluvions of the existing branches, is advance<l to 
between 32,000 to 33,000 metres^ (about 19J to 20j miles) beyond Adria ; whence tlje 
average yearly progress is about 70 metres (229^ feet) during the last 2(H) years, being 
a greatly more rapid proportion than in former times.”— (?«fuer, l)h. wr le» lit^\ dti 
Globe. M. Morlot infers that the land round the head of the Adriatic is gradually 
sinking, but that the deposits of the rivers are still sufiicieut to effect a general gain 
upon the shores of tliat sea. 

t It should be remarked tliat there arc also calcareous accumulations at the mouth 
of the Rhone. 
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though continuous, formed at different times, and portions of the 
clay equivalent to parts of the sand. There would be zones, so to 
speak, of arenaceous matter corresponding with the advance of the 
coast, and not separated from the common sheet of that of which it 
constitutes a part, being formed at the same time with a layer of 
clay, wliich a prolongation of the sandy coating would cover at a 
subsequent period. 

The same sea fortunately furnishes numerous examples of short 
rivers, with rapid falls of their beds, and occasional abundant sup- 
plies of water, thrusting pebbles into it. The effects produced are 
the same as when torrents discharge themselves into lakes, with 
the difference that the muddy part of the waters flows over the 
surface of the sea, the sand separating from it. According to the 
depth of water, and this is sometimes considerable, is the sand 
accumulated ; if fairly deep, the sand falls not far distant from the 
coast, while the pebbles accumulate on the sliore, and the em- 
bouchure of the river is extended. Though the general bed of 
shingles (the upper part acted upon by the breakers, as upon any 
other shingle beach; would advance as a whole, wdth an even upper 
surface, the accumulation of gravel or shingles would be formed by 
many irregular protrusions produced by changes in the direction of* 
the river’s mouth. The depth being favourable, wo should exjxjct, 
under such conditions, an accumulation of the following kind (fig. 
57), a a being a section of the land, formed of beds of nxjks 


Fir. 57. 

9 da 
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(represented as dipping inland, merely to separate them clearly 
from the other deposits \ b the bed of the river, bearing down 
pebbles, sand, and mud into the sea, the level of which is shown 
by the horizontal line e; d exliibits the first accumulation of 
pebbles thrown over the steep shore, the pebbles falling to the 
bottom, and the sand only being deposited in a regular layer, more 
outwards ; c the continuation of the sandy layer seaward ; f f the 
mud deposited beyond the sand, and also continued ; and g the 
extension of the pebbles over the sand, at some given time. In 
such an accumulation we should expect, after both sand and gravel 
had overspread the clay, a lower deposit of clay, above this anotehr 
of sand, and over the sand, gravel ; parts of the gravel, sand, and 
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clay, notwithstanding the extension of each layer continuously in 
the manner stated, being equivalent to each otlier in age, for the 
reasons before assigned. 

Where depths were less considerable, we should expect an inter- 
mixture of the gravel and sand in a more irregular manner, and 
with an arrangement depending on the action of the breakers upon 
them; this action tending to pile back the shingles, as a whole, 
while it permitted the sandy sediment to be caught up in mecha- 
nical suspension, and thus it might be carried outwards by the river 
waters, in places where the stream of these waters could be felt. 
As previously observed, the finer and mechanically suspended 
particles would be borne over the surface of the sea, according to 
the volume and velocity of the outpouring river waters, eventually 
forming a layer of mud or clay where deposited. It will be obvious, 
that as the volume and velocity of the river waters varied, so would 
be their power to carry outwards, beyond the influence of the 
bi'eakers, mechanically-suspended matter of diflferent volume and 
weight, and hence tliat, within a certain range, there might be 
mixed layers of sand, silt, or mud, according to circumstances. 

Jsot only do the rivers thus contribute matter, borne down by 
them to the shores, to be there arranged by the breakers, or thrust 
out into the sea and deposited in it, but every river also bears 
down some matter in chemical solution, to be added to the solutions 
present in the seas. In tideless seas, each river sends down its solu- 
tions into water which may, to a gi'cat extent, be considered stag- 
nant, notwithstanding certain movements or currents sometimes in 
it, so that at the embouchures of the rivers the substances so borne 
down prevail within distances to which the river waters may act. 
In many localities around the Mediterranean, the river waters 
transport large quantities of bicarbonate of lime in solution. 
While we may consider that much of this substance is consumed by 
fish, crustaceans, and molluscs, for their harder parts, there is pro- 
bably a large surplus which eventually takes the lc>rra of calcareous 
accumulations beneath the sea. The rivers which transport bicar- 
bonate of lime abundantly would, when in flood, probably also 
carry forward sedimentary matter, so that at the mouths of such 
rivers we might have alternate times, variable probably in duration, 
when the rivers were clear, and carried forward, as compared with 
the volume of water, a large proportion of bicarbonate of lime, and 
when this substance bore a far less proportion to the volume of 
water, wHle fine detritus was abundant. Under such conditions we 
should have alternately layers of mud and calcareous matter, or mud 
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more calcareous at one time than at another, so that eventually the 
calcareous matter might tend to separate into nodules, and in planes 
corresponding to the times when it was most abundantly thrown 
out of the rivers. In like manner we might have sulphate of lime, 
commonly enough in solution in some rivers, mingled with the 
mud, and eventually crystallizing out as selenite, a mineral so fre- 
quently discovered in various clay beds. Many other combinations 
of different substances, some in solution, others mechanically sus- 
pended, and borne down by the same rivers, will readily present 
themselves to the mind of the observer, and suggest attention to 
the conditions under which both are carried out into tideless seas. 

When considering deposits in tideless sciis, we must not forget 
those resulting from the fall of ashes and lapilli, thrown out from 
volcanos. The Mediterranean may fortunately be considered with 
reference to this kind of accumulation also, as there arc volcanos 
in action in it, and on its shores. The gi‘eat eruption in 79, which 
not only overwhelmed Herculaneum, but showered ashes in such 
profusion upon Pompeii as also to bury that town, could not fail to 
liave thrown a large amount of ashes and lapilli into the sea ; and 
considering the distances to whicii ashes are known to have tra- 
velled from volcanic verts, the ashes at least may have bc‘cn widely 
spread. It will be obvious that whatever kinds of sedimentary 
accumulations they subsided upon through the sea, the ashes would 
mingle with tliein, coating over such deposits where tranquillity 
reigned, either from the depth of water or other causes, with a layer 
of ash. Where the action of waves on the bottom, or of breakers 
on the coasts, could be felt, in wliatever tranquil state the ashes may 
have fallen originally to the bottom, they would be mixed up with 
the mud, sand, or pebbles, as the case miglit be, u hen thus acted 
upon, so tliat the particles of the ash would be disseminated among 
them. All rivers upon which the ashes fell would prol>ably bear 
much of them outwards in mechanical suspension, lor the fine 
matter which can be upborne and be carried by the winds to great 
distances would not readily subside through tlie river waters. 

Under this view, the deeper parts of the Mediterranean, and 
especially those to which other sedimentary matter could not be 
carried by the movement of sea cuiTcnts, or tlie drift of river 
waters outwards, would be those where the layers of ash would be 
most unmlxed with other matter, excepting as regards the deposit 
of any substances from chemical solution in the sea, and to which 
its great tranquillity may be favourable. We do not know the 
depths at which calcareous accumulations may now be forming in 
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the Mediterranean, but wliethcr in shallow or deep situations, any 
ashes lalling upon them would either accumulate in layers, or be 
mingled up with the limestone, according to the rapidity with 
which the one may subside, or the calcareous matter be deposited. 

Not only are there volcanos on the borders of this sea, of the 
magnitude of Etna and Vesuvius, throwing out ashes and lapilli, 
but we have had evidence in our times, so lately as 1831, ol* the 
uprise of a volcano through the sea,* between Pantellaria and the 
coast of Sicily, and from deep water. t Columns of black matter 
are described as being tlirown out of the crater, to the heiglit of 
three or four thousand feet, spreading out widely even to windward. 
The upper part, above the sea at least, seemed to have lK*en solely 
comiX)sed of ashes, cinders, and fragments of stone, commonly small. 
Among these, fragments of limestone and dolomite, with one, 
several pounds in weight, of sandstone, were observed, appearing to 
show that the volciinic forces had broken them off beds of these kinds 
of rock, when the igneous matter had been propelled througli them. 

An island so constituted, could not long resist the destructive 
action of the breakers, and thus, as soon as the supply of ashes* 
cinders, and fragments of rock ceased, it was cut away by them, 
and reduced to a shoal During the time that this volcanic mass 
was accumulating, a large amount of ashes and cinders must have 
been mingled wdth the adjacent sea before it reached its surlace, and 
no slight amount would be distributed around, when sishes and 
cinders could be ^■omited into the air. Add to tliis the (juantity 
caught up in meclianical suspension by the breakers, and there 
would be no small amount to be accumulated over any deposits 
forming, or forrac^d on the Ixittom around this locality, and f>ut oi* 
the reach ol' any lava currents whieh might liave flowed beneath 
the level of the sea. The breakers while they removed the lighter 
substances would, as it were, so sift the whole, that the heavier 
fragments would gradually subside to lower levels, and eventually 
beneath the action of seas breaking above, or simply moving the 
bottom during very heavy weather. Finally, there w'ould be a 


* To the island thus formed the various names of Sciacca, Julia, llotham, Graham, 
aud Corrao were given. Dr. Davy, who visited this volcanic island on the .'>th 
Aupsty IS31, has given a detailed account of it in the Phil. Trans, for 1832. M. C. 
Prevoft was charged by the Academy of Sciences of Paris to visit and report uiwii it. 
He reached the island on the 28th September of the same year. It was then about 
2300 feet in circumference, with two elevations, from 100 to 200 feet high, on Uit- 
ferenl sides of the crater, the latter filled witli boiling water. 

t Captain Smyth proved (Phil. Trans. 18.32) tliat the volcano ditl not rise from the 
Adventure Bank* as was first supiK>sed, but to the westward <»f it, and from deep 
water. 
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collection of fragments, cemented by ash and cinders, in which 
there would not only be pieces of* igneous rocks, but of limestone, 
dolomite, and sandstone also, for we are not to suppose that the 
pieces found accidently on the surface were those alone thrown out 
of the crater. 

Thus, then, in the Mediterranean a very complicated series of 
contemporaneous accumulations is now in progress, its uneven 
bottom* being variably covered, according to conditions, by the 
matter brought into it either in solution or mechanical suspension 
by rivers ; eroded from its shores by the action of the breakers, or 
ejected by volcanos, the whole, excepting lava currents or large 
sudden accumulations of ashes and cinders, more or less mingled with 
the remains of organic life, these remains themselves sometimes 
sufficient to form long-continued layers or beds. 

Though, for convenience, the Mediterranean has been treated as 
a tideless sea and without motion, this is not strictly correct, inas- 
much as small tides are felt in it, and currents are found. Indeed, 
as respects the latter, wdicn powerful winds, by their friction, force 
the surface waters in some given direction for the time, well seen 
when driven against any part of* ihe boundary coasts, t the move- 
ment is then sufficient to carry any substances, mechanically sus- 
pended, to distances proportionate to the power and continuance of 
the winds. When those waters again come to a state of repose, the 
return action will be similar. There are also currents in the Me- 
diterranean, such as that out of the Black Sea into it through the 
Sea of Marmora, and tlie current at the Straits of Gibraltar, which 
sets in from the Atlantic,^ the latter modified, however, by the 


* In considering the deposits now taking place in this sen, we >hould bear in mind 
that it is divided into cliief basins (see Captain Smyth’s chart.^) b\ a winding shoal, 
the Skerki, connecting Sicily with the coast of Africa. The run of soundings upon 
this shoal, proceeding from the African to the Sicilian coast, gives 34. 48, iX), 38, 74, 
20, 70, 52, 91, 16, 15, 32, 7, 32, 48, 34, 54, 70, 72, 38, 5.5, and 13 fathoms, whence its in- 
equalities may be seen. There are soundings in 140, 157, and 260 fathoms on either 
side, and places where bottom has not been reached with 190 and 230 fathoms of line. 

f An observer may often have opportunities in the ports of the Metli terra uoan of see- 
ing the rise or depression, as the case may be, of the sea, according as the winds at tlie 
time may be blowing with strength off or on shore. Canals frequently afford good 
opportunities of observing this kind of action of wind on water; for the canal levels, 
in still weather, being accurately known, it becomes easy to see how much these 
waters are raised or depressed as the winds may press them in one direction or an- 
other. Mr. Smeaton found that in a canal, four miles in length, tlie water was kept 
up four inches higher at one end than at the otlier, by the action of the wind along 
the canal. The Caspian Sea is several feet higher, at either end, according as a strong 
northerly or southerly wind may prevail. 

J Both these currents have been attributed to the evaporation of the surfaeo waters 
of the Mediterranean, that sea not receiving a sulilcicnt equivalent from the discharge 
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tides as respects the African and European shores of the Straits.* 
The current from the Atlantic is described as setting eastward into 
the Mediterranean at the rate of about 11 miles in 24 hours, passing 
along the Aifrican shore, and being felt at Tripoli and the island of 
Galitta.i’ An eastern current flows between Egypt and Candia, 
and at Alexandria. Arrived at the coast of Syria it turns north- 
wards, and then advances between Cyprus and tlie coast of Kara- 
mania. Such currents would necessarily aid in transporting 
matter both in solution and mechanical suspension, the last- 
mentioned current especially acting on that brought down by tlie 
Nile. 

From the lower specific gravity of tlie water in the Black Sea,t 
the fine detritus, borne into it by the waters of the Don, Dnieper, 
Dniester, and Danube, would be carried less distances, comparatively, 
over its saline waters than those of the Nile, Po, and Rhone over 
the Mediterranean, while from the same cause, supposing an equal 
force of wind to act upon both seas, any continued suspension of 
that matter which might be due to the agitation of‘ waves, would 
be greater in the Black Sea than in the Mediterranean, the waters 
of the former offering less resistance to the wind from their inferior 
specific gravity. In the Baltic also, from its specific gravity, the 
deposit of detritus borne down the rivers discharging themselves 
into it, would approximate towards that observable in fresh-water 
lakes. Like most lakes, also, the Black and Baltic seas have out- 


of rivers into it, or the fall of rain upon it, so that the Black Sea furnishes waters on 
the one side and the Atlantic on the other, in order to keep it at the height required. 

* “ On the European side, west of the island of Tarifa, it is high water at llh, but 
the stream without continues to run 2**. On the opposite shore of Africa, it is high 
water at 10*>, and the stream without continues to run until ; after which periods it 
changes on either side, and runs eastward with the general current. Near the shore 
are many changes, counter currents, and whirlpools, caused by and varying with the 
winds. Near Malaga the stream runs along shore about eight hours each way. The 
flood sets to the westward.”— Pttrdfy, Atlantic Memoir, The tide rises three feet at 
Malaga. 

t An under and counter current has been considered to set westward, but of late 
this has been doubted. However this may be, Admiral Beaufort has shown, while 
noting the current which flows westward from Syria to the Archipelago, that “ counter 
currents, or those which return beneath the surface of the water, are also veiy re- 
markable. In some parts of the Archipelago they are sometimes so strong as to 
prevent the steering of the ship; and in one instance, on sinking the lead, when the 
•ea was calm and clear, with shreds of bunting of various colours attached at every 
yard of the line, they pointed in different directions all round the compass.”— Pwa- 
far€» Karamania. 

t According to therewarcbcf of Dr. Marcet (Phil. Tr»n«. 1819), the ipeeifie gravltiee 
of the under-mentioned eeec ere ae followa ; — 

Mediterranean . . . 1 *02930 1 Baltic l*01i)23 

8*»«k8e* 10I4I8 I Yellow 8ea .... 1 02291 
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flowing currents,* so that the evaporation on their surface is not 
equal to the fresh water discharged into them.t 

Supposing no counter and constant currents bringing in salt 
water from the Mediterranean to the Black Sea, and from the Ger- 
man Ocean to the Baltic, and that the discharged waters from both 
seas carry off the average saline waters of each, these seas would 
gradually become less saline in proportion to the different amount 
of* salts in solution carried out to the adjoining seas, and those 
brought in by the rivers discliarged into them.J Upon this view, 
therefore, both the Baltic and Black Seas may at previous periods 
have been more saline than at present. Considering, as geological 
evidence would lead us to infer, that the area now covered by the 
Caspian and that occupied by the Black Sea, were once beneath a 
common sea, changes subsequently effected have separated them as 
now found. In the Caspian we should have evaporation sufficient 
to overpower the influcncxi of the f‘resh water poured in by the 
Volga, Ural, and the minor rivers, while in the Black Sea the supply 
of f'resh water is beyond the evaporation. Hence the Caspian 
remains a salt lake, while the Black Sea may be gradually becoming 
more and more a fresh-water lake, the Caspian not only retaining 
its original saline contents, but becoming more saline if either the 
salts brought down by the rivers are beyond any deposit which may 
dispose of them, or the evaporation be greater than the supply ol* 
water from the Volga, Ural or laik, and minor strcaras.§ Upon 
sucli an hypothesis, thougli at first tlie deposits in each would be 
under the same conditions, these would gradually change as regards 
effects arising from the increasing difference in the spwific gravities 
of the respective waters. \\ 


* The velocity of the current, in the narrowest part of the SohikI (Baltic), is about 
three miles per hour; but the ordinary general rate, in fine weather, is about a mile 
and a half or two miles. The current flowing from the Black Sea runs commonly, in 
the Thracian Bosphorus, from three to five miles per hour, according to the direction 
and force of the w inds. 

t Strong opposing winds force back the current out of the Baltic, ami. if sufRcieui ly 
long continued, will raise the level of that sea. 

X In equal weights (3 lbs.) of water taken from the East Friezland coast, and fn>m 
Rostock in the Baltic, the following proper ional differences in saline contents were 
found : — 

Gernnan Geea’i. lUltic. 

Chloride of sodium .... 522 ' 2G3 

Muriate of magnesia . . . , 198*5 111 

Sulphate of lime 23 12 

Sulphate of soda 1 ' 3 1 

Residue r.) 1 

§ There is considered to be good evidence of the Caspian having stood at higher 
levels than at present, those more corresponding with the actual level of the Black 
Sea, beneath w'hich the surface of the Caspian is now 81*4 feet. 

II A peculiar bitter taste observable in the Caspian waters is attributed to the 
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Although ice may form in the shallow bays of the Black Sea, 
and the branch known as the Sea of Azof be often frozen over in 
the winter months, so that ice, floating away from the coasts, may 
be the means of conveying fragments of rock and pebbles into 
situations to which they would not be otherwise transported, tlie 
ice in the Baltic, from the geographical position of that sea, is a 
means of adding to deposits in it of a more important kind. In 
particularly severe seasons, extensive sheets of ice over parts of 
this sea occur, and cases are recorded where great distances could 
be, and were traversed by tmvellers. Large areas are commonly 
frozen for nearly three months in the year, the ice on the south 
common^ breaking up in April, while in the Gulfs of Botlmia and 
Finland it may continue until the middle of May. Though the 
Baltic may be, as regards the ordinary acceptation of the term, 
tidcless, it is nevertheless liable to those local changes of‘ level which 
are due to the pressure of pow^erful winds blowing for a time from 
particular points, and it is described as often vexed by such winds. 
Ice, therefore, around the shores of its numerous islets and uneven 
coasts, may often be broken up, particularly towards the warmer 
weather, witli shingles froin the shore, and fallen fragments from 
the cliffs in and upon it, and be transported seaward, the shingles 
and pieces of rock being there deposited, and thus adding gravels 
and distributed angular fragments to and among the more common 
accumulatioiLs formed in this sea, the depth of w’hich varies from 
shalloTvs, backed by marshes, to two localities on the south-etist 
where the line gives respectively 110 and 115 fathoms of water.* 
The Gulf of Mexico, its waters forced up by the pressure acting 
from the Atlantic through the Caribbean Sea, may, for geological 
purposes, be considered as a tidcless sea, with, among others, a 
great river, the Mississippi, delivering matter in solution and 
mechanically suspended into it. The great movement of water 
coming round the Cape of Good Hope from the Indian Ocean, and 
considered as a constant current produced by the trade winds, 
assisted by the motion of the earth, sets from the Ethiopic Sea, 
united with an equatorial current of the Atlantic, across that ocean, 
against the West Indian islands. This pressure forces a constant 
stream of water into the Mexican Gulf, by the western side of the 

presence of naphtha, which abounds in some localities on its shores. The basin of 
the Caspian ap]}ears of very unequal depth, this varying from the steej) coast extend- 
ing from the Balkan Bay to that of Mertroi Kultyuk- off which a lino of iCiO fathoms 
docs not roach the bottom in some ])laces- to long-continued, very shallow shoros In 
others. 

* The general depth has been estimated at 60 fathoms. 
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Yucatan Channel, with commonly a reflow close to Cape Antonio, 
at the west extremity of Cuba. Thus pressed up, the waters 
escape between Cuba and the Florida reefs in the current known 
as the Gulf Stream so that the waters in the Gulf of Mexico 
form a kind of comparatively tideless sea, in which deposits are 
effected much as in the Mediterranean. Though other rivers throw 
detritus into this area, collectively of much importance, the 
Mississippi is that, by its additions to the land, and by the discharge 
of matter mechanically suspended in its waters, which is the most 
important. The following is a plan (fig. 59) of the very charac- 
teristic advance of deposits from this river into the waters of the 

The manner in which the main channel is bounded by lines of 
bank, rising above the sea, towards its final outlet, well marks the 
retardation produced by the friction of the banks as they arise. 
The various lakes, with tlie cross channels, arc also highly illustra- 
tive of this order of accumulation. 

As might be anticipated, when tlie fall ol* the Mississippi, during 
its greatest floods, is estimated at only one inch and a half in a mile 
between New Orleans and the sea, a distance of about 100 miles — 
while, when its waters are low, the fall is scarcely perceptible 
for the same distance — little ndneral matter can be earned 
seaward in mechanical suspension, beyond that which, wlicn de- 
posited, wotdd form silt, mud, or clay. This great river, therefore, 
now throws little other tlian fine mineral matter into the Gulf of 
Mexico, that wliich risc*s by accumulation above the surface of the 
sea being liable to be sifted by the shore waves, as at the mouths of 
the Nile. A vast mass of this fine sediment must ha\'e been thrown 
down, and is now accumulating in the Mexican Soa; the chief 
addition to such mass of* mud or clay, indepcndcnrly of the hard 
remains of fish, crustaceans, and molluscs, being wood, the trans- 
port of which down the Mississippi and its tributaries is most 
abundant. Not only is this wood arrested in its progress in various 
places, or entangled among the channels of the delta, but much of 
it passes out seaward. Millions of logs and trunks i>l‘ trees arc 
transported several miles outwards during floods, so tliat it becomes 
difficult to navigate among them.! 


* The breadth, length, and velocity of this long-celcbratcd current M ould appear, 
to vary. Winds often affect it, diminishitig its breadtli and augmenting its velocity, 
or augmenting its breadth and diminishing its velocity, 
t Captain Basil Hall, Travels in North America, vol. iii. 
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WSTRIBUTION AND DEPOSIT OF SEDIMENT IN TIDAL SEAS, — BARS AT RIVER 
MOUTHS.— RISE AND INFLUENCE OF THE TIDE.S.— DEPOSITS IN ESTUARIES, 
— DELTA OF THE GANGES— OF THE QUORRA. — DEPOSITS ON THE COAST 
NEAR SWANSEA. — INFLUENCE OF WAVES. — FORM OP THE SEA-BED ROUND 
THE BRITISH LSLANDS. — INFLUENCE OP CURRENTS. — SPECIFIC GRAVITY 
OF SEA WATER.— DISTRIBUTION OF SEDIMENT OVER THE FLOOR OF THE 
OCEAN. 

Upon the coasts of the continents and of islands amid the ocean 
waters, not only is there a rise and fall of the sea-level twice in 
each day, but the river waters discharged into the ocean are, for 
the most part, ponded back by each rise of the tide, to be let loose 
at its fall with so much of the sea water as had been forced up the 
river channels during the flood tide. Here we have a very material 
modification of the discharge of tiie matter, either in solution or 
mechanically suspended in the rivers, as compared with its delivery 
into tideless seas by them. According to the vaiied character of 
the rivers where they discharge themselves into tidal seas; as 
regards the greater or less amount of water in them at difierent 
times ; the kind of coast at their embouchures ; depth of water, 
exposure to prevalent winds, and other conditions ; so, no doubt, is 
the delivery of these waters modified ; but in all they are exposed 
to checks from the rise of tide at their mouths. The opposition of 
the sea to the rivers at the height of the tide necessarily varies 
with the change from neap to spring tides; the amount of check 
which the sea gives to the outflow of the fresh water, thus alter- 
nating, on the minor scale ; though, as a whole, a very constant 
effect is produced, the greatest resistance being offered at the 
heights of equinoxial spring-tides. 

From the check thus given to the discharge of waters containing 
matter in mechanical suspension, or pushed forward by rivers in 
their channels, there is a tendency to form accumulations across the 
course of rivers, commonly known as han. These will be found to 
occur variably, according as the real mouth of the river may be 
high up a deep branch of the sea (or in other words, where the sea 



78 


DISTRIBUTION AND DEPOSIT OF 


[Cii. VI. 


level may cut high up a valley or depression, which thus becomes 
partly subaerial, partly submarine), or be situated on the general 
unbroken line of a coast, even, perhaps, protruding beyond it, into 
shallow water. It will soon be perceived that the breakers become 
important aids in the accumulation of bars according to such 
conditions; having little influence high up an arm of the sea, 
particularly where the channel is narrow, but assisting most 
materially in their formation when acting upon an exposed coast, 
more especially if the mouths of the rivers be open to strong and 
prevalent winds. This combination of checks given to waters 
pushing forward and carrying detrital matter in mechanical sus- 
pension, and by breakers striving again to thrust back that matter, 
produces bars at the mouths of many rivers, alike important as 
regards the subject under consideration, and the intercourse of 
nations. 

The effects of tidal action in, for the time, arresting the outflow 
of rivers, will much depend upon the heights which the tides, on 
the average, attain ; and it will readily be seen tliat, acording to 
the obstacles opposed to the tidal wave, and the form of tlie shores 
against which it moves, will be the change of sea level between 
high and low water. In the open ocean, where the tidal wa^’e 
meets with, comparatively, little opposition, wc find the difler- 
ence of the sea le^ el at high and low water far less than among 
funnel-shaped channels, and other favourable coinbiiiati(nis of 
coast. Thus, while among the eastern Polynesian islands in tlie 
Pacific Ocean the tides rise and fall about 2 or 3 feet,* and in the 
Atlantic from 3 feet at St. Helena, and 4 to 6 feet at the Cape de 
V erde Islands, to 8 or 9 feet at Madeira, the equinoxial spring- 
tides in the Bay of Fundy rise from GO to 70 feet.t 

An observer need not travel from the shores of the British 
Islands to study the dependerxe the rise and fall of tide upon 
local conditions : many situations will afford him the requisite 
opportunities. The Bristol Channel, since it fairly faces the tidal 


* According to Mr. Dana (Geology of the United States’ JCxploriiig Ex]>cdition, 
1838-42, p. 26), the tides rise only 2 or 3 feet through the eastern part of Polynesia ; 
at Samoa 4 feet ; at the Feejee Islands 6 feet ; and at New Zealand 8 feet. 

t A glance at the map will show how favourably this bay is situated for receiving 
a body of fl^l tide driven up between Cape Cod (Massachusetts), and Cape Sable 
(Nova Scotia), and forced onwards into Chignecto anti Mines Bay. Though there is 
a very considerable bay between Gaspe Bay (Canada) and the North Poiut (Breton 
Island), on the north of the narrow isthmus separating Nova Scotia from New Bruns- 
wick, neither its fonn, nor the set of tide into it, cause a rise of water beyond about 
eij^t feet. There is, therefore, from local causes, a diiTcrence of high water, on 
either side of this narrow isthmus. 
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wave coming from the Atlantic, may be taken as a good example 
of a considerable rise of tide produced by the narrowing of an ann 
of the sea. Though strictly not an unmodified ocean tide, since 
the wave has to pass over nearly 300 miles of soundings, within 
the edge of the 100 fathoms line, before it strikes the Land’s End, 
the change from the rise of 18 or 20 feet at St. Ives, Cornwall, to 
that of 46 to 50 feet at King Road (Bristol) and Chepstow, is 
striking ; more particularly as the tides of 30 feet at Lundy Island, 
and 36 feet at Minehcad, sliow this rise to he gradual. From the 
increasing elevation of* channel, and friction, beyond Chepstow and 
King Road, and the withdrawing of the tidal pressure from behind 
when the ebb begins seaward, the height of tide soon decreases up 
the Severn. The tidal waters, hf)wcvcr, so suddenly check the 
discharge of the river waters, that the latter are as suddenly forced 
back, the flood-tide rushing forwards in a great wave commonly 
termed the bo 7 ^e, and causing an instant rise of several feet in the 
lower part of the river, gradually fining off to the termination of 
all tidal action in the Severn.* 

The annexed plan (fig. 60) will illustrate the example here 


Fig. CO. 



j 


given. At a the tidal wave begins to be higher than in the open 
sea. At b its elevation is increased from the decrease of the depth 
and breadth of the channel ; and at c, from similar causes, the height 
of tide is still greater. We may assume, for illustmtion, that at d 
the tidal wave becomes most elevated, and that afterwards, towards 
e, from the absence of propelling po^ver behind, from tlu‘ actual l‘ull 


* The same sudden rush of the flood, overpowering the ebb in tidal rivers, is obser>’ed 
in many other localities. The hore-wave up the Ganges is described as so rapid, that 
it scarcely takes four hours passing up a distance of nearly seventy miles, sometimes 
causing an instantaneous rise of five feet of tide at Calcutta. The boats on the shore 
on which it breaks take to the middle of the river for safety on its approach. A con* 
sidcrablc bore-wave is stated to be observed at the mouth of the Maranon, or 
Amazons, during the equinoxes. The chief wave is from twelve to fifteen feet high, 
followed by three or four others. Its advance is very rapid, and its course is stated 
to bo heard at the distance of two leagues. 
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of water on the ebb towards c, 6, and a, and from the general rise 
of the channel, the tidal wave becomes less and less felt, until at /, 
its effect entirely ceases. The bore will depend upon local causes ; 
but under the conditions noticed, the sudden check to the outflowing 
river, and corresponding sudden rise from the inflowing flood-tide, 
are not unlrequcnt, though the bore may not always be sufficiently 
important to arrest attention. 

The English Channel affords us another good example of a con- 
siderable rise of tide produced by local obstacles, and the more 
instructive, as this rise does not extend across to the oppose coast, 
as is the case in the Bristol Channel. On the French side, the 
land of the Cotentin, terminating with Cape La Hogue, and tlie 
islands of Alderney, Guernsey, and Jersey, with the multitude of 
isles, islets, and rock, in the Bay cf St. Malo, oppose a direct ob- 
stacle to the progress of the tidal wave coming from the Atlantic, 
while the English coast presents no such obstacle. In consequence, 
the sea level at high water is raised higher on the one side than on 
the other ; and while the tides only rise 13 feet at Lyme Regis, 7 
feet in Portland Road, 15 feet at Cowes, and 18 feet at Beachy 
Head, the difference of high and low water is 45 feet between 
Jersey and St. Malo, and 35 feet at Guernsey. 

Not only are there these differences in the rise of tide from local 
causes, but the relative direction of the flood and ebb, with their 
consequent currents, also vary materially in some situations. 
Thus, at the Land’s End the flood-tide runs 9 hours to the north, 
and the ebb 3 hours to the south ; and numerous other modifi- 
cations of the same kind, where the times of flood and ebb are 
different, are to be found on tlie coasts of the British Islands. 

As regards the distribution of detritus by tidal streams, tlie 
direction of the latter will not only be found to change consider- 
ably during the progress of theflood or ebb, as the case may be, off 
many parts of coasts, but the ebb very frequently commences on 
shore, while a flood-tide is continued in the offing.* 

As so much, not due to the friction of tidal streams on coasts has 
been attributed to it, instead of to the action of breakers — a de- 
structive action more particularly felt when strong on-shore winds 
and high tides are combined — it would be well for an observer to 
study the velocity and transporting power of tidal waters on the 

* It has been held that “ the length of time between the changes of tide on shore 
and the stream in the ofBng is in proportion to the strength of the current and the 
distance from land ; that is, the stronger the current, and the greater distance that 
current is from the land, the longer it will run after the change on the shore.*’— 
Purdy, Atlanik Memoir. 1829. 
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sea-shore. Those who dwell on, or visit, the coasts of the British 
Islands, where, fortunately, so many modifications in tidal streams 
may be more or less easily studied, will soon learn properly to 
estimate the value of tidal friction on land. 

With respect to the tides around the British Islands, those flow- 
ing amid the Orkney and Shetland Islands, and through the 
Pentland Frith, between the mainland of Scotland and the former, 
would appear to be among the strongest They vary considerably 
in force, according as they are neap or spring tides. While in 
Stronsa Frith and North ^^naldsha Frith the former only run at 
the rate of 1 J mile in the hour, the latter make a stream of 5 miles 
an hour. In the Pentland Frith, the spring-tides are stated to 
have a velocity of 9 nautical miles an hour, while at neap-tides 
they do not exceed 3 miles.* 

;^und the more prominent headlands, the tides, as we might 
expect, run with greater velocity than in the bays on each side of 
which they project, or in the offing outside. The tidal wave 
striking the headlands, and rising locally from this opposition, 
escapes round to the next bay, thus causing an accelerated stream 
of tide for a short distance. The friction of the water on the land 
is, however, commonly sufficient very materially to diminish the 
strength of the stream in immediate contact with it ; so that, in 
calm weather, when the force of the tide is neither impeded nor 
accelerated by the force of opposing or favouring winds, chaff 
or other light bodies thrown into the sea will bo seen to pass in a 
comparatively slow course along shore, while a strong stream of 
tide is running outside. 

How little friction takes place in such situations may often be 
well seen by the presence of a coating of barnacles, or of' sea- weeds, 
even upon steep headlands, though exposed to the action of breakers, 
these being, off such deep-water headlands, commonly unaided in 
their action by sand or gravel in mechanical suspension. It is 
desirable that the observer should carefully watch the shoivs of any 
district he may be examining, with respect to tidal friction, during 
calm weather, and from neap to spring tides. Except in the most 
exposed situations, he may perceive how rarely even grains of sand, 
much less small loose shingle, can be moved by any stream of tide 
in contact with the coast. 


* The flood-tide there comes from the north-west, and is not of unusual strength 
until it meets with the obstacles of these islands and the mainland. ITie change of 
tide sooner on shore than at a distance from it, varies according to situation, amount- 
ing in some places to two or three hours. 
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The retarding effect of friction on the headlands is often well 
exhibited near the strong streams of tide off them, known as races, 
so dangerous, frequently, when opposed to powerful winds. Though 
the tides nm in such situations with the greatest force of the local- 
ity, and the waters are thrown about in various directions, it often 
happens that, between the race and the headland, there is more 
quiet water, sufficiently broad for the passage of a boat in moderate 
weather. 

Tidal waters rush with great force through channels formed 
between the horns of great bays and islands at a short distance from 
them ; such is the case with the horns of Cardigan Bay and of St. 
Bride’s Bay on the south of it, as shown in the following plan 
(fig. 61), where a represents Cardigan Bay, and b St. Bride’s Bay. 


Fig. 61. 



Foul rocky ground extends from the Smalls Light,/, to Skomer 
Island, c ; between which and the mainland there is an exceedingly 
strong tide sweeping close to the cliffs. Supposing this to be a flcxxl- 
tide, its force is diminished and almost lost in St. Bride’s Bay, i. 
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This bay receives the flood-tide, not only through this channel, 
but also directly from the Atlantic ; its flow over the foul ground 
between the Smalls Light and Grasholm, and thence to Skomer, 
being marked by broken water. Part of the tide driven into St. 
Bride’s Bay escapes with much force between the mainland and 
Karasay Island, and round the latter and the rocks and islets known 
as the Bishop and his Clerks, d, into Cardigan Bay. The latter 
also receives an abundant supply of the tidal wave direct from the 
Atlantic; and the flood passes with great strength between its 
northern horn and Bardsey Island, e. 

In the chief channels noticed, no doubt little comparatively fine 
sedimentary matter could rest in the run of such tides, and any 
that might be thrown down by the eddies of one tide woidd probably 
be removed by the reverse action of the other ; but these effects 
would be very local. That hard r<xjks readily resist such friction 
is well shown in the localities mentioned, barnacles and sea-weeds 
being commonly discovered on the sides of the channels at low water. 

It will be at once perceived that the flood-tide passing up rivers 
would act very differently, according as the channels were conti- 
nued deep outwards, or crossed by bars accumulated at their mouths. 
In the former case, the sea waters being specifically heavier 
tlian the river waters, as it were, wedge up the latter, discharging 
outwards, until the levels are so changed that the whole body of 
tidal water is driven inland, forcing and ponding back the fresh 
water.* In the more favourable situations of this kind, therefore, 
where great floods arc running down a river, the heavier waters of 
the first of the flood- tide may be passing up the river while the 
lighter waters above are running outwards. In bar rivers the sea 
waters pour over the bars, and, if the channels be afterwards shallow, 
drive tlie river waters at once before them, while, if behind the bar 
there be water of much greater depth, as sometimes hapjx^ns, tl\c 
heavier sea waters first flow into the basin and raise the waters in it, 
so that when sufficiently elevated with the increasing tide, the 
whole passes up the river with the flood-tide, forcing back the fresh 
water. Between the action of the tide in such rivers as tlie St. 
Lawrence,t with its open estuary or arm of the sea, and the Ganges 

* The passage of river waters outwards during freshets, from heavy rains in tlie in- 
terior, while the flood-tide waters are flowing beneath in a contrary direction, may 
occasionally be seen well show'n when large vessels are at anchor in an estuary, as, 
for instance, in the Hamoaze, Plymouth, riding with their heads to the flood-tide] 
being sufflciently deep in the water to be influenced by it, while small boats, secured 
alongside, ride with their heads in the contrary direction, the outflow of the higher 
and fresh water alone acting upon them. 

t The St. Lawrence affords a good example of the greater velocity of an ebb over a 
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and Quorra, the deltas of which protrude into the ocean, the one in 
the Bengal Sea and the other in the Gulf of Guinea, every modifi- 
cation will be found in the tidal rivers of the world. 

While checked by the flood-tide, the waters of estuaries will de- 
posit such of the matter, which they may hold in mechanical sus- 
pension as the time will permit, and according as the estuary waters 
maj or may not he agitated by the fiiction of the winds. Slight 
observation is sufficient to show that highly-discoloured water is 
commonly found in estuaries, and that this is borne upwards and 
downwards by the tides, escaping seawards during the ebb in some 
estuaries in one direction, while the rivers add dctrital matter to 
these bodies of‘ water in others. In estuaries like the Severn, at 
the head of the Bristol Channel, the muddy water is carried back- 
wards and forwards with such rapidity that it is only in the sheltered 
nooks and situations that it can find rest sufficient to deposit fine 
sediment, including among them the shores where retardation by 
friction also produces a sufficient state of repose during the tides.* 
Many minor estuaries round the coasts of the British Islands show 
the filling up, not only of the sheltered places on their sides, but 
also of their upper parts, where detrital matter is gradually accumu- 
lated. If the course of the river has not been long through a level 
country, the deposits at the heads of estuaries may even be gravelly, 
while mud only is accumulated in the sheltered localities. If the 
annexed plan (fig, 62 ) represent one of these estuaries, then it will 


Fig. 62. 



usually be observed that the accumulation at the head c is more 
^velly or sandy, particularly in its lowest parts, than in the sheltered 
situations, a and b. At c we have not only the heavier matter 


flood-tide in an estuary. Where the ebb from the Saguenay unites with that of the 
St. Lawrence, it passes outwards with considerable strength, and is stated to run seyen 
nautical miles per hour between Apple and Basque Isles. While the ebb is thus 
strong, the stream of flood*tide is scarcely perceptible. 

• The difference of the friction on the (ides of these estuaries, where mud is de- 
positei^ and more outwards in the stream of tide, is commonly well shown by the 
^dy^m imder the latter, the friction of the water being too great to permit 
finer sediment to remain in such situations. e w permu 
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thrown down by the check of the tide there felt, but also all the 
detritus which can be pushed along the bottom by the river during 
the ebb of the tidal waters, and during the common discharge of 
the river water when the tide has fallen, a combined time in some 
localities equal to nine and ten hours in each twelve. At a and b 
the fine sediment is commonly accumulated to the level of the 
highest ordinary spring-tides. 

In estuaries of this class we should anticipate that there would 
be much gain of land where the discharging rivers entered them, 
and, accordingly, in such situations we often find extensive marshes 
and flats, which would justify this expectation, even if historical 
evidence could not be adduced. Of such evidence, however, there 
is commonly no want, and the heads of many estuaries around the 
British Islands, and along the ocean coasts of Europe, are known to 
have become more shallow and even to have moved further outwards, 
dry land supplying the place of marshes, and mud banks, within 
historical times.* 

The mouths of the Ganges, extending across a distance of about 
two hundred miles ffig. 63 ), furnish us with the discharge of de- 

Fig 63. 



trital matter into a tidal sea of a different character. Here the 
abundance of the outflowing waters, particularly during floods, is 
sufficient to carry out a delta, more resembling those observed in 
tideless seas. In times long since passed, the Ganges may have 
discharged itself into an estuary, as far northerly as the com- 

These changes produced, independently of sea banks raised to keep out the 
tides. 
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mencement of its delta, now more than two hundred miles from 
the sea, and into the same estuary, the Brahmaputra may have 
delivered its waters, these two great diains of land extending to the 
Himalaya mountains liaving gradually filled up such an estuary, 
by depositing the matter transported mechanically in, or swept on- 
wards by them. Coarse gravel is not forced forward by the Ganges 
within four hundred miles of its mouth, so that the sedimentary 
matter discharged into the sea is of a finer character. To this dis- 
charge, both by friction on the bottom and in mechanical suspension, 
checks are offered by the tides; but the body of fresh water is so 
considerable, as compared with such checks, tloat the sedimentary 
deposits rapidly gain upon the sea, notwithstanding that the general 
depth beyond the mouths of tlic Ganges is by no means incon- 
siderable. Innumerable changes in the direction of the various 
streams into which the delta is divided are produced inland. 
The course of this river is described as affoi^ing goal examples, (>n 
the gi'eat scale, of the alterations of channel, from the accumulation 
of* banks upon small obstacles, to be equally well studied, as regards 
general principles, in hundreds of little streams. Ihus a tree ar- 
rested in its course will produce an accumulation, gradually rising 
into an island, to be again swept away by another change ol 
channel. 

The great body of fresh water discharged by the Ganges in floods 
seems, to a great extent, to overpower the Influence of the tidal 
wave, so that detrital matter tlieii becomes accumulated more in 
the manner of the Nile, Rhone, Volga, and other great rivers, drs- 
cliarging themselves into tidelcss seas.t At the junction of the 
Ganges and Brahmaputra, below Luckipoor, there is a large gulf 
in which the water is scarcely brackish, and during the rainy season 
the sea is stated to be overflowed by fresh water for many leagues 
outwards. 

In the Quorra we have an example of a similar kind, and a vast 

* Major Bcnnel statos that during the eleven years he remained in India, the head 
of the Jellinghy river was gradually removed three-quarters of a mile further down. 
He observed also, that there are not wanting instances of a total change of course 
in some of the Bengal rivers. The Cosa (equal to the Rhine) once ran by Purneah 
and joined the Ganges opposite Rajenal. Its junction is now nearly forty-five miles 
further up. Gour, the ancient capital of Bengal, once stood on the Ganges.”— P/aV. 
Trans. 1781. 

t The amount of detrital matter borne outwards by the Ganges has been estimated 
at about 2| per cent., and the average discharge of water at 500,000 cubic feet per 
second. -( of Science ^ vol. iii. Calcutta, 1831.) If we take the quantity at 

2 per cent., and consider the transporter! matter to give 15 cubic feet to the ton, we 
should obtain 57,600,000 tons per day, equal to a mass of ordinary granite, having a 
base of 1,000,000 square feet, rising to the height of 864 feet. 
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body of fresh water thrusts out a delta into the ocean. The great 
stream of water is checked, not overcome, in mid-channel, though 
felt between 30 and 40 miles up the river. In this river, and in 
many other tropical rivers, mangrove-trees add materially to the 
power of forming new land.* Wherever sufficient shelter can be 
obtained, they establish themselves in abundance ; their stilt-like 
roots entangling any floating substances washed near them ; produc- 
ing a repose fit for the deposit of the finest sediment, and affording 
shelter to an abundance of reptiles, fish, crustaceans, and molluscs, 
which seek and enjoy the protection they afford. 

When we regard the sea-shores of the world exposed to tides, 
we see a great destructive power in the breakers, as a whole in 
ceaseless action, grinding back and levelling off the land, and 
throwing a mass of matter into the tides sweeping round such 
sliores, which mass, added to that thrust out of the rivers, has to be 
distributed by the streams of tide and such ocean currents as can 
receive any portion of it. Great rivers, as we have seen, may 
transport matter in mechanical suspension far outwards, particularly 
when swollen by floods, and thus place it within the distributing 
influence of the ocean currents. Through these it may take a long 
time to descend into those quiet depths where it can find a rest, one 
that may continue undisturbed until, perhaps, after a long lapse of 
geological time, the resulting deposit may be upraised, and placed 
within the destructive influences of the atmosphere and surface 
waters. 

When detrital matter is thrown into the tides, it is borne to and 
Iro by them, according to their flow and ebb, and the observer will 
have abundant opportunities of seeing on the coasts of the British 
Islands, and on the ocean shores of Europe, that the river waters 
when swollen by rains, bear outwards with the ebb, and in the 
direction that it takes along shore, much mqchanically-suspended 
detritus, which does not again enter the rivers unless under very 
favourable circumstances. As a whole, much fine detritus, thus 
derived, is carried coastwise by the ebb, and accumulations are 
formed of it, if there be sufficient continued repose in that direc- 
tion. So that should a sheltering headland run out, and a bay 
be formed between it and the embouchure of the river, there is a 


♦ Alluvial land is described as forming into flat islands, covered by mangrove-trees 
and papyrus. These are sometimes so acted upon by floods as to be partially or 
wholly swept into the ocean. Professor Smith noticed a floating mass, probably 
washed out of the Congo, about 120 feet long, consisting of reeds resembling the 
Doncuc and a species of Agroatis, among which branches of Jtaticia wore still grow- 
ing, further north off* the coast of Africa. - Tuckeg^t Expediium to the' Zaire or Congo, 
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tendency to deposit the finer sediment in the locality so sheltered. 
We may take the coast of Swansea as affording an easily-observed 
instimce of the separation so affected. 

Two rivers, a and h (fig 64), the Towey and the Nedd (Neath), 

Fig. 64. 



when in flood, bring down much sedimentary matter, the finer 
parts of which are carried by the ebb tide (^, i) towards the bay 
formed between Swansea (c) and the Mumbles (d). Here finding 
the necessary repose, the prevalent virinds {w) blowing from the 
west and south-west, a part is deposited and mud is accumulated, 
the remainder of the detrital-bcaring waters, escaping round the 
Mumble Rocks {e) into the general ebb tide passing westwards 
down the Bristol Channel. While this happens with the finer 
sediment, the arenaceous part of the detritus thrust out of‘ the river 
is more quickly thrown down, and a large part of it becomes acted 
up^3n by the breakers, raised by the prevalent winds, and is forced 
partly into mechanical susj^ension during heavy gales, and then borne 
in the flood-tides, and.partly brushed onwards by the waves, breaking 
upon much flat ground exposed at low water, towards the coast U) 
the eastward (f, /). Here the conditions for the accumulation of 
sand-hills obtain, and the overplus of arenaceous sediment, borne 
outwards by the Towey and Nedd, and not retained by the sea, is 
blown by the winds upon the dry land. In this locality, therefore, 
the river-borne detritus, thrown into the tides, becomes in a great 
measure separated, mud being chiefly accumulated in one direction, 
sand in another, a surplus of the latter being restored to the land. 

Though there is a tendency to accumulate the finer river-borne 
detritus in the direction of the ebb tides, this is often met by con- 
ditions so unfavourable to such a deposit that the finer matter docs 
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not there come to rest, but is gradually transported outwards to sea, 
and may thus be brought by tidal streams even within the influence 
of ocean currents. On a shallow coast the breakers alone, when 
they can act equally in the direction of the ebb and of the flood- 
tide, prevent the accumulation of the finer sediment, which, in 
consequence, can only find rest by being carried outwards into 
water of the needful depth and tranquillity. 

The abrasion of coasts by breakers being the same, whether the 
tide be setting in one direction or another, as flood or ebb, the finer 
matter is carried in mechanical suspension equally by the stream of 
either along the coasts, finding rest in the situations where conditions 
are favourable, even entering estuaries by the flood-tide, when such 
estuaries occur in the line of its course, the indraught, on the flood, 
carrying it in with the tide. As we have seen (p. 54), the heavier 
parts, such as shingles and small pebbles, are distributed along shore, 
and the arenaceous portions, sometimes on the coast, sometimes 
more seaward, according to circumstances. 

The agitation of the sea is felt at different depths in proportion 
to the magnitude of the waves raised by the friction ol‘ the wind. 
During heavy gales of wind, the depth at which this agitation has 
been observed, sufficient, as it weie, to shake up fine sediment 
enough to discolour the water, is about 90 feet.* The disturbing 
effects of waves in minor depths is often well shown on shallow 
sandy coasts by the throwing on shore of many molluscs in a living 
state, known to inhabit the sands at moderate depths. By the agi- 
tation of‘ the sea their sandy covering is removed, and they are 
swept onwards beyond their powers to retain their position at the 
bottom, and thus become finally thrown out upon the coast. 

Besides the waves seen to arise on the spot from the action ol* the 
winds, the great inductions which are known as mvells and rollers 
(so common on ocean shores, and due to the friction of winds out 
at sea which do not reach the land) disturb the sea bottom to a 
considerable extent, so that, both heavy seas and swells combined, 
the finer sediment becomes removed from all but lavourabic 
situations outwards, and is distributed off* the coasts, outside the 
accumulations fringing them, and due to the action of the breakers. 

The flow and ebb of the tides produce a motion tending to smooth 
out and flatten the accumulation of detrital matter deposited on the 
sea bottom writhin their influence. The smoothing action no doubt 

* The depth at which the disturbing action of a sea-wave can bo felt has been esti- 
mated even so high as 500 feet on the Banks of Newfoundland. MonmemeM 

det Qnde$, 1831, p. 11. 
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varies with the strength of the tides, as these may be springs or 
neaps, so tliat matter can be brought to rest during the latter, 
which becomes removed by the superior velocity and volume of* 
water of the former ; but, as a whole, there arises an adjustment, 
producing a sea bottom of a marked character. The friction of the 
tidal wave on the bottom forms ridges and furrows of the same 
kind with those previously noticed as produced by the winds on 
loose sand (p. 59). Where clear waters prevail, and the ridges and 
furrows are formed by this kind of friction alone, the resemblance 
is very striking, allowance being made for the relative weight of 
the particles of sand in the air and in the water. Where waves act 
on the bottom, it would be expected that such ridges and furrows 
would be modified by the to-and-fro action set up, although the 
on-shore might be greater than that of* the counter movement, in 
proportion as the wave takes the onward force of a breaker, the 
higher part acquiring gradually a greater forward motion as the 
water becomes shallower, and the friction on the bottom becomes 
increased. 

Almost every extensive sandy flat left by the tide, and of such 
the coasts of the British Islands afford abundant examples, shows 
the effects of friction on tlie sand. An observer should well study 
the various modifications to be seen in such situations, for among 
arenaceous accumulations of all geological ages, the effects of fric- 
tion on sand and silt, by water in motion, is often very evident. 
In many situations peculiar arrangements of the surface sand will 
be observed to have arisen from the draining off of the tidal water, 
which has quitted a large tract of sand suddenly. We liave thus 
f'riction on the bottom from the rise and fall of tidal waters on 
coasts, from the to-and-fro action of waves produced by winds 
(where the depths are fiivourable), and from streams of tide, 
variable in strength, usually acting in two directions, and often in 
more, from local causes. 

From friction of all kinds much sedimentary matter is so shoved 
and pushed along the bottom in various directions, that from this 
cause alone a great flattening of the surface would be effected. 
If to this we add the deposit of matter borne in mechanical sus- 
pension, and derived either from rivers or the action of breakers, 
we should expect a distribution of detritus which, if raised above 
the level of the sea, would offer the appearance of a great plain. 
The accompanying map (fig. 65) will show the extent ol* area 
around the British Islands within a line of depth equal to 100 
fathoms (600 feet), and which, if raised above the level of the sea. 
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would present to the eye little else than a vast plain. To form 
this great tract of smoothed ground, no doubt the levelling action 
of breakers, cutting back the coasts, must be duly regarded ; so 
that to this action, to that of the seas rolling in various directions, 
according to the winds stirring up the bottom in sufficiently shallow 
places, and to the distributing power of streams of tide, is mainly 


Fig. 65. 



due the present surface of this area,* the extent of which may be 
estimated by the annexed figure (fig. 66), representing 1000 
square miles, on the same scale as the map [jig, 65). 

* Always bearing in mind that there is a base beneath of tertiary and other rocks, 
over which the sands and mud are at present strewed, and which may hero and there 
be still uncovered. In many a situation, a minor area, planed down by the aodoa of 
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Fig. 66. 

□ 

It is worthy of remark, that if, instead of the line of 100 fathoms 
beneath the sea, tliat of 200 fathoms had been selected, the second 
line would not have extended far beyond the first, the slope in- 
creasing far more rapidly outside the 100 fathom line than within it, 
so that, after preserving a veiy gentle slope, as a whole, outwards 
for the great area represented above (fig. 65), the bottom of the sea 
descends much more suddenly beyond it towards the Atlantic.* 

Slight attention on the coasts will show that the water moving 
past them in a stream from tidal action travels backwards and for- 
wards a somewhat limited distance, so that any detritus held by it 
in mechanical suspension, and eventually thrown down from such 
suspension, could only be deposited within a limited area, when no 
disturbing causes interfered. The water of a tidal stream, passing 
a coast at the average rate of three miles per hour, will only travel 
18 miles, regarding the subject generally, before it is swept back 
again over the same ground for the like distance. The pressure of 
high winds, both on and off a coast, particularly if they be long 
continued, forces water against or away from the land, and so with 
any other direction a surplus of the ordinary body of water may 
take from the friction of the wind. Hence the mere backward 
and forward motion of the same body of water is somewhat modi- 
fied, as also by the great additions made to the usual volume of 
tidal water by the discharge of great floods from rivers, striving to 
force their way over coast streams of tide. 

Making, however, all reasonable allowance for these modifying 
influences, there remains enough of continued local action to pro- 
cure local accumulations of detritus, more diversified in character 
near the coasts than at a distance from them, on account of the in- 
creased velocity of tides immediately off chief headlands, and their 
diminished strength oi stream in sheltered bays, not forgetting 
estuaries, with and without bars of different kinds. 

The observer has now to consider the distribution of fine matter 
in mechanical suspension by means of ocean currents. Some of 

the breakers, may yet be kept clean from deposits by local causes. We may probably 
regard the whole area as the result of the cutting back of coasts by breakers, and of 
deposits fh>m the causes pointed out, continued through a long lapse of geological 
time, movements of land, as regards its relative level with the sea, and on the large 
scale, having contributed to its present condition. 

* Here and there, there are minor depressions in this area, and among them the 
trough-like cavities in the North Seas, known as the Silver Fits. The bottom around 
the chief pits is described as rising gradually to it, when suddenly the interior sides 
descend from a few to 40 or 50 fathoms, forming steep interior escarpments. 
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these are known to be very constant in their courses, others periodi- 
cal, and many temporary. We have seen that the pressure of strong 
and long-continued winds forces up water by their friction on its 
surface in tideless seas, and consequently would expect that in the 
open ocean similar winds would force water before them, though 
the absence of land would produce a modification in the result 
When the area so acted upon was bounded by a single range of 
coast, the modification would be less ; and when two lines of coast 
presented themselves, between which the water could be forced, 
and lateral fall prevented, there would be an approximation to the 
effects observable at the north and south extremities of the Caspian, 
or on the east and west shores of the Black Seas, where the waters 
are pressed forward by the needful winds. 

Independently of the pressure on the surface of the sea by winds 
either constant or nearly so, periodical or temporary, it has been 
supposed that the motion of the earth gives a certain movement to 
the waters of the ocean from east to west, thus increasing the power 
of‘some currents, due to the surface action of winds, and interfering 
with the movement of others. To the motion of water from this 
cause, the continent of America, with South Georgia, South Orkney, 
South Shetland, and the icy regions extending to Victoria Land, 
would interpose between the Atlantic and the Pacific, and the con- 
tinent of Asia, with the Philippines, Borneo, Moluccas, New 
Guinea, and Australia, would oppose the westward movement of the 
Pacific, not forgetting New Zealand, and the multitude of islands 
and islets of Polynesia in that ocean. 

The more open space for this supposed movement would be from 
the Indian and Southern Oceans into the Atlantic, the coast of 
Africa not offering it opposition beyond the latitude of 35® south. 
A constant current does run out of the Indian into the Atlantic 
Ocean, flowing up the west coast of Africa, to the equatorial regions, 
whence it strikes over to America, ponding up the water in the 
Gulf of Mexico. It has been inferred that this current is partly 
due to the motion of the earth, and partly to prevalent winds, 
those known as the Trade Winds especially driving the waters in 
the same direction. 

The current into the Atlantic sweeps round the southern ex- 
tremity of Africa by the Agulhas or LaguUas Bank, the soundings 
on which give mud to the westward of Cape Agulhas, and sand, 
containing numerous small shells, to the eastward. It might hence 
be assumed that this current acted upon the bank at a depth of 
360 or 420 feet, sweeping off the finer sediment from the side 
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exposed to its force, and parting with it in the more still water 
behind it. A mass of* * * § water is inferred to run up the west coast ol 
Africa, from the Cape of Good Hope (between the coast and the 
waters of the adjacent ocean), 60 miles wide, 1200 feet deep, and 
of the mean temperature of the ocean, at an average rate of one 
mile per hour.* There are counter currents,! and the main cur~ 
rent is considered to extend, as regards surface, to a comparatively 
moderate distance from the land. As a whole, this ciuTcnt reminds 
us of a body of water in movement westward, acquiring additional 
velocity against the southern extremity of Africa, as any minor 
mass of water in movement would against a common projecting cape 
or headland. We may regard another great Atlantic current, the 
Gulf Stream, as consequent on this main current, after it has tra- 
versed the Atlantic to the West Indies. Escaping from the Gulf ol 
Mexico, as previously noticed (p. 74), the Gull' Stream waters flow 
northerly, a part passing olF to the eastward, after passing the 
Straits of Florida, probably to equalize the general levels in that di- 
rection. As to the extent and velocity of the Gulf Stream, the 
contradictory c^ddence is sufficient to show that both arc occasionally 
much modified. The winds, by their friction, necessarily affect the 
course of the stream, according to their duration, strength, and di- 
rection. In mid-channel, in the meridian of Havanna, the velocity 
is estimated at 2i miles per hour ; olf the most soutliern parts of 
Florida, and about one-third over from the Florida Reefs, at 4 miles 
an hour. The stream is considered to range, in the meridian ol' 
57° W. to 42° 45' N. in summer, and to 42° N. in winter. A 
reflow, or counter current, sets down by the Florida Reefs or Keys 
to the S.W. and W.J 

Other currents are known in the Atlantic, such as that coming 
out of Baffin's Bay, through Davis’s Strait, § considered to join 
the Gulf Stream, the united hAy ol' water crossing over to the 


* Sir James Ross. Voyage in the Southern and Antarctic Regions, vol, i. p. ,35. 

t Close to the shore there is an eastern current. The survey of the coast of Africa, 
to the east of the Cape of Good Hope, was made by Captain Gwen, with the assistance 
of this current, against the force of the trade wind. Captain llorsburgh mentions 
having been carried by the eastern current, on the south of the main western current, 
at the rate of 20 to 30 miles in the 24 hours, and, in two instances, at the rate of (JO 
miles in the same time. 

^ Many small vessels are stated to make their passage from the nortl)W’ard by the' 
aid of this counter current. 

§ This current, commonly known as the Greenland Current, sets southerly down 
the coastof America to Newrfoundland, bringing down large icebergs beyond the Great 
Bank. The velocity was found, by Captains Ross and Parry, to be 3 to 4 miles per 
hour in Davis*s Strait. Off the coast of Newfoundland, it sometimes flow's at the rate 
of 2 miles an hour ; but is much modified by winds. 
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coasts of Europe and Africa. A southerly flow of water takes place 
from the coast of Portugal towards the Canary Islands, modified by 
the indraught of sea into the Mediterranean. Beyond these islands 
a S.W. current is noticed as probably due to the influence of the 
N. E. trade wind. 

Constant currents are also mentioned in the Pacific. Currents 
are described as setting off the Galapagos to the N.N.W., and at 
Juan Fernandez, and 300 leagues to the westward of it to the 
W.S.W. (16 miles per day). Great quantities of wood are drifted 
from the continent of America to Easter Island by a stream of water 
passing in that direction. Between the Sandwich Islands and the 
Marquesas, currents have been found flowing westward at the rate 
of 30 miles per day. Among the Philippine Islands a current 
comes fi:om the north-east, and runs with considerable force among 
the passages, dividing them from each other. Various other currents 
in the Pacific have been noticed. There arc two, however, de- 
serving of attention, inasmuch as one, flowing northerly through 
Behring’s Straits, is thought to proceed eastward along the north 
coast of America,* and the other, passes round Cape Horn to the 
eastward for the greater part of the year.j 

In the China and India Seas we find good examples of periodical 
currents. The water moves from the ocean into the Eed Sea from 
October to May, and out of that sea from May to October. J In 
the Gulf of Manar, between Ceylon and Cape Corraorin, the current 
flows northward from May to October, setting the remaining six 
months to the S.W. and S.S.W. In the S.W. monsoon, the 
current between the coast of Malabar and the Lakdi\ as sets to the 
S.S.E with a velocity varying from 20 to 26 miles in the 24 hours. 
The currents in the China Seas, at a distance from sh(>ro, commonly 
flow, more or less, towards the N. E. from the middle of May to the 


* Kotzebue describes this current as setting through Behring's Straits with a ve- 
locity of 3 miles an hour, to the N.E, 

t This current has been doubted ; but as there is a prevalence of strong westerly 
winds round Cape Horn, during the greater part of the year, the statcnuMit that there 
is such a current may be considered probable. A bottle, thrown overlward by Sir 
James Boss, near Cape Horn, was afterwards found near Port PJiilIip, Australia, having 
passed eastward about 9000 miles in 3^^ years. Allouiug 1000 miles for detours, this 
would be a rate of about 8 miles per day. It was Sir James Boss's practice, upon 
throwing bottles overboard, to load all but those intended for the surface, so that they 
took different depths. As sand was not stated to be found in this bottle, it was in- 
ferred that it was a surface bottle ; hence the winds alone had much influence on 
its course. 

X A current commonly flows from the Persian Gulf towards the ocean, during the 
whole time that the water runs into the Bed Sea, and flows into the Gulf from May to 
October. 
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middle of August, taking a contrary direction from the middle of 
October to March or April. Their strength is most felt, as might 
be anticipated, among the islands and shoals.* 

With respect to temporary currents, they are found to be innu- 
merable ; severe gales of wind, of long duration, readily forcing the 
surface water before them. Among channels and along coasts these 
are chiefly felt, the two boundary shores or the single coast opposing 
the further rise of water, and throwing them ofl[‘ in the manner of 
tidal waves. 

While considering the movement of the ocean waters, the observer 
should not neglect any change in their position which may be due 
to their relative specific gravities. Experiments upon fresh water 
in lakes long since showed that a body of the heaviest water, that 
approaching towards a temperature of about 39® • 5 or 40°, remained 
at the bottom undisturbed, t except by the influx of river waters, 
charged with detritus, which forced their way, spreading mud be- 
neath them (p. 43). The researches of Sir James Boss in the South- 
ern Seas have shown that in a similar manner water of a certain 
temperature, namely, of about 39® *5 Fahr., remains at the bottom, 
either colder or warmer water, as the case may be, floating above it. 
From many observations made, it was inferred that a l^lt of this 
water of a given temperature rose to the surface in southern 
latitudes, of which the mean is estimated at about 56® 26', the 
whole body of ocean water in that circle being of this uniform tem- 
perature from the surface to the bottom, while on tlie north, towards 
the tropics and equator, water of a higher temperature floated above 
it, and on the south, that of a lower temperature.^ Thus, consider- 
ing the like belt of uniform temperature to appear in such parts of 


♦ The strongest currents in these seas are experienced along the coast of Camlxxlia, 
during the end of November. They run with a velocity of TiO to 70 miles to the 
southward, in the 24 hours, between Avarilla and Poolo Cecir da Terra. Some 
parts of the stream setting into the Straits of Malacca, cause the tide to run nine 
hours one way and three hours the other. 

t In 1819 and 1820, the author made experiments on the Lakes of Geneva, Neu- 
chatel, Thun, and Zug, with a view of investigating this subject. An account of these 
experiments was published in the “ Bibliothcjque Universelle” for 181 nnd 1 820. It 
wag found that, in the Lake of Geneva, the water, in September and October 1819, 
had a temperature of 64® to 67® Fahr., from the surface to the depth of 1 or 5 fathoms* 
and that there wag a general diminution of temperature downwards to 40 fathoms! 
From 40 to 90 fathoms, the temperature was always 44®, with one exception, when it 
was 45® at 40 fathoms. From 90 fathoms to the greatest depths, which amounted to 
164 fathoms, lietween Evian and Ouchy, the temperature was invariably 4.‘1®*5. After 
the Mvere winter of 1819-20, the same temperature continued beneath. Experiments 
on the I^kes of Neuchatcl, Thun, and Zug, alike pointed to water of a temperature 
approaching to the greatest density of water, between 39® and 40®, being at the bottom. 

I The following were the observations on which Sir James Ross founded his view of 
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the northern hemisphere as is covered by the ocean,* there would 
be, where land did not occur, three great thermic basins, two towards 
each pole of the earth, and a middle trough, or belt through the 
centrd part of which the equator would pass. Sir James Ross 
points out that in lat. 45° S., the temperature of 39° *5 has de- 
scended to 600 fathoms, increasing in depth in the equatorial and 
tropical regions to about 1200 fathoms, the temperature of the 
surface in the latter being about 78°.t On the south of the belt of 
uniform temperature, the line of 39° * 5 is considered to descend to 
750 fathoms in lat. 70°, the surface being there at 30° Fahr. 

To estimate a movement which might be produced by the settle- 
ment of any water of the density of 39° *5, striving to occupy an 
equal depth beneath those of inferior weight, either of greater or 
less temperature, as the case might be, to the north and south of 
these belts of uniform temperature, supposing that some approxi- 
mation to such a belt was to be found in the northern hemisphere, 
we should compare the distance from these belts with the depths at 
which given temperatures have been observed. This done, we 
obtain for the slope on either side of the southern belt (assuming 
a plane for more ready illustration) of about 1 in 1723 to the 
1200 fathoms of 39° *5 beneath the equator, and of about 1 in 
1136 to the same temperature beneath 750 fathoms in 70° south 
latitude. So small an angle, with a change of temperature so 
gradual, could scarcely be expected to produce a lateral movement 
in the mass of ocean waters of geological importance. J 

the position of this circle, the water being ascertained in the localities noticed to have 
the same temperature from the surface downwards : — 


Latitude. 

Longitude. 

57° 52' S. 

170° 30' E. 

55 09 

132 20 

55 18 

149 20 W. 

58 36 

104 40 

54 41 

55 12 

55 48 

54 40 


Voyage to Southern and Antarctic Regions, vol. ii. 

* Allowing the same causes to be in operation in the northern hemisphere, we should 
expect similar effects, however modified by local circumstances. Scoresby obtained, 
in lat. 79° 4' N., long. 5° 4' E., 36° at 400 fathoms, the temperature increasing from 
29° at the surface. Another observation by the same author, in lat. 79° 4' N., gave 
37° at 730 fathoms, the surface being 29°. Again, in lat. 78° 2' N. and long. 0° 10' W., 
he found 38° at 761 fathoms, the surface being 32°. 

t With regard to observations in the tropics, Colonel Sabine found, in lat. 20° 30^ 
N., and long. 83° 30^ W., a temperature of 45°*5 at 1000 fathoms, the surface water 
being at 83°, Captain Wauchope obtained in lat. 10° N., and long. 25° W., 61° at 
966 fathoms, the surface water being at 80° ; and he also found in lat. 3° 20^ S., and 
long. 7° 39' E., a temperature of 42° at 1300 fathoms, the surface water being at 73°. 

t It should be remarked that tlie temperature of 39°‘5, found by Sir James Ross in 
situations leading to the inference that such temperature is that of the greatest 

H 
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The agency of ocean currents in the transport of matter mechani- 
cally suspended in their waters, and derived from the decomposition 
or abrasion of land, will necessarily depend upon local conditions. 
Here and there streams of tide may deliver such matter to them, 
to be borne in the direction in which they may move, and great 
rivers, such as the Yang-tse-kiang, the Ganges, the Indus, the 
Quorra, and the Amazons, may thrust out bodies of water, flowing 
beyond the return of the tidal streams off* coasts, and carrying 
detritus to ocean currents, through which it would have gradually 
to descend. It might thus be transported long distances, particu- 
larly if the depths it might have to descend, before stagnation of the 
lower waters would prevent any than a vertical fall of the matter, 
were considerable.* The matter obtained from the land seems 
chiefly to be thrown down as a fringe of various shapes and com- 
position, skirting the shores; sometimes, from local conditions, 
extending to far greater distances than at others. 

Although the great floor of the ocean may not be very materially 

density of sea water, containing the ordinary amount and kinds of salts in solution, 
does not well accord Mith experiments in the laboratory. According to Dr. Marcet, 
those made by him show that the maximum density of sea water is not at 40^ Fahr. 
In four experiments. Dr. Marcet cooled sea water down to betw’een 18° and 19°, and 
found that it decresoed in bulk till it reached 22°, after which it expanded a little, 
and continued to do so until the water was reduced to 19° and 18°, when it suddenly 
expanded and became ice at 28°. According to M. Erman, also, salt water of the 
specific gravity of 1-027 diminishes in volume down to 25°, not reaching its maximum 
density' until congelation. 

'I'hese results would seem to point either to some modifying influence acting upon 
the waters of the ocean, to faults in the instruments, to the mode of employing them, 
or to sources of error in the laboratory experiments not susi)ected. At considerable 
depths, the heavy pressure upon the bulbs of the thermometers, if used naked, might 
be supposed to produce an error as to the mass of water of uniform temperature fn>m 
the surface downw ards. If pressure, however, upon the bulb caused a higher apparent 
temperature, this should vary w'ith such pressure ; but the results do not bear out 
this view, unless it be assumed that the gradual increase of pressure exactly counter- 
balanced a decrease of temperature. It is worthy of remark, that the temperature of 
39°*ri is about that assigned, from experiments, to pure water. It may be here ob- 
served that the water beneath 90 fathoms in the Lake of Geneva was found, both after 
a warm summer and a severe winter, to remain at 43°*.5, not 39°'5 or 40°, os experi- 
ments in the laboratory would lead us to expect. From observations on the tempera- 
ture of the western Mediterranean waters, at various depths, it is inferred that all 
beneath 200 fathoms remains at a constant temperature of about 55°. (D’ U rville, Bu 1 . 
de la Soc. de Geographie, t. xvii. p. 82.) 

If we take 39°*5 for the temperature of the greatest density of sea water, we shall 
have to consider that the salts in solution produce no influence upon such density, the 
water alone having to be regarded. It would be very desirable tliat experiments 
respecting the density of sea water at different temperatures should be repeated in 
the laboratory, and that observations should be made at different seasons upon the 
temperature of deep fresh-water lakes, in order to see if we are in any way to regard 
the temperature obtained in the sea of 39°*5, observed by Sir James Boss, as a result 
to which some modifying influence may lie attributed. 

* Some very interesting observations respecting the surface density of the sea off 
the coast of British Guiana were made by Dr. Davy (Jameson’s Edinburgh 
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covered by deposits from ocean currents, convepng detritus from 
the great continents, Australia, and the larger islands of the world, 
the oceanic islands may collectively furnish matter of importance. 
The observer will find that many of these islands rise from com- 
paratively considerable depths, so that detrital matter derived from 
them by the action of breakers (and they are very commonly 
exposed to a nearly-constant abrasion by the surf), moved by the 
tidal waves sweeping by the islands, and thence delivered into any 
ocean currents passing near, may be carried by the latter to con- 
siderable distances. These oceanic islands are found to be chiefly 
of two kinds, the one of igneous, the other of animal origin. With 
respect to the former, we have not only to consider the detritus 
they may now furnish by the action of breakers upon them, but 
also the transportable matter which may have been ejected from 
the igneous vents while they rose, by the accumulation of molten 
rock, cinders, and ashes. 

Instead of simply accumulating around the igneous vent, as would 
happen, with certain modifications from the distribution of wind- 
borne ashes and small local movements of water in tideless seas, 
not only might there be a to-and-fro distribution of the volcanic 
matter carried various distances in mechanical suspension from the 
tidal wave acting against the new obstacle to its movement, but the 
finer substances could also be borne away by any ocean current 
passing near, and thus such substances be carried far onward in the 
direction of its course. As soon as any igneous matter is raised 
above the sea level, so soon is it attacked by the breakers, and only 


Journal,” vol. xliv, p. 43, 1848), He found that where the Demerara river meets 
the sea, near George Town, the density of the \rater was I 0036, and subsequently 
as follows ; — 


1. 11 miles off shore = 1’0210 


2. 19 

3. 27 

4. 35 

5. 43 

6. 51 


»» 


»» 


= 1-0236 
== 1-0250 
= 1-0236 
= 1-0250 
1-0258 


7. 80 „ „ = 1-0266 

The specific gravities of Nos. 4 and 5 were considered to have been influenced by 
heavy showers of rain which fell while the steamer on which Dr. Davy was on board 
passed. This modification in the density of the surface waters, by tropical rains, is 
well shown by the observations of the same author, off Antigua and Barbadoes. 
Towards the end of a very dry season, the specific gravity of the surface water, off 
the former, was found to be 1-0273, while, after three months of heavy rains, off Bar- 
badoes, the specific gravity was reduced to 1-0260. The positions of these two 
islands give such observations considerable value. With respect to the matter 
mechanically held in suspension in the waters off British Guiana, Dr. Davy states that, 
for many miles near the land, it was sufficient to give a light-brown tint to the sea, 
like the Thames at London-bridge. It was only at about the distance of 80 miles 
from shore that the waters presented the blue colour of the ocean. 
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in proportion to its solidity and mass can the portion above water, 
and removed from the destructive action of the surf, remain to be 
more slowly wasted by atmospheric influences, and to be clothed 
with vegetation, if within climates fitted for its growth. Many an 
island in the ocean can be regarded as little else than the higher 
part or parts of a volcano, or some more extended system of volcanic 
vents, rising above its level, the mass and kind of matter ejected 
being suflicient to keep it there. As might be expected in a great 
volcanic region like that of Iceland, igneous vents have opened in 
the sea near its shores, as well as upon the dry land. A volcanic 
eruption is recorded as having taken place in 1783, about 30 miles 
from Cape Reikianes, and another off* the same island about 1830.* 
In 1811 a volcanic eruption was effected through the sea off* St. 
Michaels, Azores, and eventually, after the ejection of much matter, 
columns of black cinders being thro’wn to tlic height of 700 and 
800 feet, an island was formed, about 300 feet high, and about one 
mile in circumference. 

Fortunately the formation of this island was observed and 
recorded. It was first discovered rising above the sea on the 13th 
June, 1811, and on the 17th was observed by Captain Tillard, 
commanding the “ Sabrina” frigate, from the nearest cliff of 
St. Michaels. The volcanic bursts were described as resembling 
a mixed discharge of cannon and musketry, and were accompanied 
by a great abundance of lightning. The following (fig. 07 ) was 
a sketch made at the time, and will well illustrate the manner in 
which ashes and lapilli may be thrown into any occ^an current or 
tidal stream passing along, and be borne away by it. 

This island, to vrhich the name of Captain Tillard’s frigate was 
assigned, subsequently disappeared, but whetlicr simply by the 
action of the breakers alone, or from the subsidence of tlie main mass 
beneath, or from both causes, accounts do not enable us to judge.f 

* In 1783, the eruptions of several islands were observed as if raised from beneath, 
and, during some months, vast quantities of pumice and light slags were waslied on 
shore. “ in the beginning of June, earthquakes shook the whole of Iceland ; the dames 
in the sea disappeared, aud a dreadful eruption commenced from the Shaptar Yokul, 
which is nearly 200 miles distant from the spot where the marine eruption took 
place ” — (Sir George Mackenzie’s Travels in Iceland.) 

t This is not the only instance of a volcanic eruption forming a temporary island 
above the sea-level among the Western Islands. It is recorded in the MS. Journals 
of the Royal Society (a collection containing a mass of curious information respecting 
the progress of science after the foundation of the Royal Society), that Sir II. Shores 
informed a meeting, of January 7th, 1690-91, *^That his father, passing by the 
Western Islands, went on shore on an island that had been newly thrown up by a vol- 
cano, but that in a month or less it dissolved, and sunk into the sea, and is now no 
more to be found. 
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Fig. 67. 



No doubt very many ol‘ the supposed banks in the ocean upon 
which the surf is stated to have been seen breaking, and never 
afterwards found, may be very imaginary, but it is still possible, 
that here and there statements of this kind may be founded upon 
more positive evidence; and that, making all allowance for in- 
correct views as to the latitude and longitude of the supposed 
banks, some due to the upraising of volcanic cinders and ashes 
have been observed, these finally so cut away that the sea no 
longer broke over them. However this may be, we can scarcely 
suppose that over the floor of the ocean all tht eruptions from 
every volcanic vent upon it have reached above the surface of the 
water and remained there as islands, or that some, which have 
accumulated matter to depths not far beneath the surface waters, 
may not occasionally so vomit forth cinders and ashes, that these 
substances remain for a time above water until removed by the 
influence of breakers. 
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CHEMICAL DEPOSITS IN SEAS. — DEPOSITS IN THE CASPIAN AND INLAND 

SEAS, — CALCAREOUS DEPOSITS. FORMATION OF OOLITIC ROCKS. — SALTS 

IN SEA WATER. — CHEMICAL DEPOSITS NOT NECESSARILY HORIZONTAL. 

We liave previously adverted to the mixed deposits of calcareous and 
sedimentary matter in tideless or nearly tideless seas, from whicli 
alternate layers of argillaceous limestones and clays, or lines of argil- 
laceous limestone nodules in the latter might result. According to 
the specific gravities of the waters of such seas, arising from the 
diflFerent amount of matter in solution in them, will, as we have 
seen, depend the distances over which river waters can flow out- 
wards, supposing such rivers, for illustration, to be equal in 
volume and velocity, and as respects the amount of Aattcr in 
solution or mechanically suspended. In tliis respect, the Caspian, 
the Black, and the Baltic Seas would all diflfer, tlie latter most 
approaching in the character of its waters to a fresh-water lake. 
Comparatively, these bodies of water would appear to afford greater 
tranquillity than tidal seas for the production chemical deposits, 
always allowing for the depths to which their waters may be dis- 
turbed by sur^e causes, such as winds and changes in atmospheric 
temperature. 

In tideless seas, such as the Caspian, where the substances 
brought down in solution by the rivers accumulate in compara- 
tively still water, we should expect deposits which could not be 
efl^ted with equal facility in the ocean, even in those parts which 
adjoin coasts. In the one case, evaporation keeps down the body 
of the water, probably even diminishing its volume during a long 
lapse of time ; while, in the other, these solutions enter the great 
mass of ocean waters, and become so lost in it, that certain of them 
may only, under very favourable conditions, be able to accumulate 
as a coating or bed upon any previously-formed portion of the 
ocean floor. The way in which the tidal wave thrusts back river 
waters twice in each day (taking the subject in its generality), 
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mingling the common sea waters with those of rivers, up the 
estuaries, is alone a marked difference from the outpouring of the 
rivers, with their contained solutions unmixed until the river 
waters flow over the sea. Instead of comparative quiet along- 
shore, except where disturbed by the action of surface waves, 
the whole body of water along tidal coasts is kept in motion, 
moving alternately one way or the reverse, and not unfrequently 
in various directions, in consequence of the modification of the 
bottom, and the mode in which the tidal wave may strike variously- 
formed or combined masses of dry land. 

We have above called attention to the differences in tideless or 
nearly tideless seas, arising from differences between the evapo- 
ration of their surfaces, and their average supply of water from 
rivers or rains. Not only should we thence expect the modification 
of sedimentary deposits previously mentioned, but modifications 
also in the chemical coatings. An isolated area, like the Caspian, 
if* the evaporation of its waters be greater than its supply, may, 
during such decrease, present us with conditions favourable to a de- 
posit of some of its salts, while the main mass of the waters may yet 
be well able to hold much saline matter in solution. Any shallow 
parts adjoining the shores becoming isolated, and therefore cut off 
from the river supplies afforded to the main body, may readily be 
deprived of all their water by evaporation, and a sheet of saline 
matter be the result. Indeed, in this manner, any substances in 
solution would become deposited, and how far they might remain 
exposed without being removed by atmospheric influences, would 
depend upon the climate of* the locality. That any such beds, the 
result of the evaporation supposed, may be covered by ordinary 
sedimentary deposits, due to geological changes of the locality, 
will be obvious. 

Around such bodies of water as the Caspian, the observer pos- 
sesses good opportimities for studying subjects of this kind, which 
are of considerable interest geologically, when we consider the 
mode of occurrence of gypsum and rock-salt in many situations, 
the not unfrequent connexion of these substances, and the kinds of 
sedimentary matter with which they are often associated. It may 
be also deserving of attention to consider in such parts of* the 
world the probable annual evaporation of the surface of seas like 
the Caspian, and the annual supply of waters from rivers and rain.* 


* It is interesting to consider, in any given land where such bodies of water may 
bo found, even though of much less size, and where it seems certain, from geological 
evidence, that the present area occupied by such waters is less than formerly, how fhr 
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It may have happened from geological changes, such as might 
readily convert the Persian Gulf into an isolated sea, by raising 
the bottom between Cape Mussendom and the opposite coasts at 
Grou and Sereek, or the Bed Sea, into another, by raising 
the bottom at Bab-el Mandeb, that these masses of water no 
longer communicated with the main ocean. Looking at the 
climatal conditions, and the absence of any great drainage from 
adjoining land flowing into it, the Red Sea would lose its waters 
from evaporation, while with respect to those of the Persian Gulf, 
it would depend upon the difference between the evaporation and 
supply of water chiefly obtained from the Euphrates, Tigris, and 
their tributaries. From existing information, we should anticipate 
that this supply would not equal the evaporation, so that both 
bodies of water might become Caspians. 

It would be well if observ'ers, when among such parts of the 
world, would gather information sufficient to show us the probable 
results of such alteration of conditions, especially as respects the 
deposits of substances now in solution in these seas, and their inter- 
mixture with common detrital matter. Observations directed to 
such points can scarcely fail to be valuable with respect to 
geological theory. Under the supposition of the conversion of the 
Red Sea into a Caspian, not only might there be a mixture, under 
favourable conditions, of chemical deposits and detrital accumu- 
lations, but coral banks and reefs would be also included in them. 

By a glance at a map of Asia, it will be seen that a very large 
area, extending along 70 degrees of longitude from the Black Sea 
int^) China, with a varied breadth of 15 to 20 degrees of latitude, 
d(ies not drain directly or indirectly into the ocean. There is 
reason to believe that it is a mass of land which, from geological 
changes, has been cut off from such drainage, the Caspian, the 
Sea of Aral, with numerous smaller bodies of water, now receiving 
such drainage waters as evaporation from the surface of this great 
area will permit, when gathered together in different positions. 

the climatal conditions may so influence the evaporation and supply of water that a kind 
of balance Is established. We may, for illustration, suppose that, in the first place, 
the climatal conditions are such, after the separation of a mass of sea waters from con- 
nexion with the ocean, that a considerable diminution of the volume of the separated 
water, and consequently, in all probability, of the area occupied by it, takes place. 
Then will arise the locid conditions, under which this diminution may either continue 
or a balance of evaporation and supply become established. Evaporation, all other 
things being equal, will depend upon the area of water exposed. If large rivers, such 
as the Volga, for example, entering the Caspian, bring much sediment into the sea or 
lake, they tend to make it shallow, and also, by their deltas, to diminish the area, so 
that the conditions, as to general area, depth, and cx)nsequent volume of the water, 
alter. This alone might destroy any balanced conditions. 
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The evaporation may completely overpower the supply of water 
in certain parts of such an area, the salts in solution in the pre- 
existing waters forming sheets of matter corresponding with the 
minor areas or lakes when such solutions became in a condition to 
permit deposits, the least soluble substances being the first thrown 
down. A deposit of a particular substance once effected, similar 
matter would be more readily withdrawn from the solution by the 
attraction of the first deposits of such substance. In a dry climate, 
such portion of the common detritus, as did not become consoli- 
dated, would be swept about by the winds, forming deserts, such 
as we find in the region noticed, the great Chinese desert of Kobi, 
or Shamo, being the largest of them. In all such lands the 
explorer will not lose his time by carefully examining the shores 
of these various inland seas and lakes, observing the physical con- 
ditions which may produce the isolation of shallow parts. It 
would be well also to study deposits of saline matter with 
reference to their origin from conditions, which may have readily 
obtained, in consequence of geological changes, by the separation 
of shallow-water indentations fringing the ocean, particularly in 
warm and dry climates,* as well as by the partial or total evapo- 
ration of salt lakes. 

Amid the great flats which here and there occur on the shores of 
tidal seas, and which may become dry at certain times, so that 
patches of sea-water irregularly scattered over them are evaporated, 
leaving the salt, we have no doubt conditions, particularly in dry 
and warm climates, for the accumulation of thin sheets of salt, or 
other substances in solution, which, under favourable circumstances, 
might be covered up, and, to a certain extent, be preserved by 
detrital mud ; but these deposits would scarcely have the importance 
of those previously noticed. At the same time, such situations 
should be examined with reference to the chemical accumulations 
which may be thus intermingled with detrital matter. 


* In all cases, where practicable, it is desirable to obtain information as to the 
matters in solution in the various inland seas and lakes. They are known to differ in 
this respect, as might be anticipated. Thus, according to M. Eichwald, the waters of 
the Caspian contain much sulphate of magnesia, in addition to the other salts held in 
solution. Those who are possessed of sufficient chemical knowledge, if they have 
with them any of the little portable chests of the needful substances and apparatus, 
will have a local means of a qualitative analysis. It would be well if they could 
perform a quantitative one on the spot, seeing the difficulty of conveying botUes of 
water, to be kept, perhaps, a long time, and amid high temperatures. When the ob- 
server may not be a chemist, he may still assist, under favourable conditions la to 
transport, by obtaining the waters and putting a sufficient quantity into a clean bottle 
immediately sealing it up carefully and tight, and forwarding it, as soon as circum- 
stances may permit, to some experienced chemist for examination. 
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With respect to deposits from chemical solution, the calcareous 
may be considered as the most important geologically. We have 
previously adverted to their production in the air, and in fresh- 
water lakes. The cases of consolidated beaches on some coasts, like 
those noticed in Asia Minor, may be regarded as in a great measure 
due to the evaporation of the water containing the bicarbonate of 
lime in solution, as it percolates through these beaches. In the same 
manner, we seem to obtain their consolidation in some places by the 
oxides of iron and manganese, and by other substances. Eespecting 
the actual formation of beds of limestone in the deeper sea by 
chemical deposit alone, though we feel assured that it is effected, 
the exact maimer is scarcely yet well determined. The rivers 
flowing into both tideless and tidal seas alike transport calcareous 
matter in solution into them, though very variably ; in scarcely 
appreciable proportions in some, abundantly in others. So long as 
the carbonic acid needful for the solution of* the carbonate of lime 
remains, the latter will continue in the waters, but should it be 
withdrawn, either by evaporation of the sea waters in shallow 
places, or by separation in any other way, the carbonate of 
lime, if the lime be not taken up in any other combination, will be 
deposited. 

With regard to shallow situations in tidal seas, particularly in 
warm climates, and where pools of water are left for sufficient time 
at neap tides, we should expect an evaporation of the water, at least 
in part, and a loss of the carbonic acid, enabling any carbemate of* 
lime present to be held in solution, so that there was a consequent 
deposit of calcareous matter. This may be well seen where waters 
highly charged with bicarbonate of lime flow slowly into some nook 
or bay, on tropical coasts, and even in localities where the rise and 
fall of tide is small, as, for instance, around Jamaica. It is in such 
situations, under favourable conditions, that the little grains termed 
oolites, formed of concentric coatings of calcareous matter, may be 
sometimes observed to form. A slight to-and-fro motion, produced 
by gentle ripples of water, may occasionally be seen to keep the 
carbonate of lime depositing in movement and divided into minute 
portions, so that instead of a continuous coating of calcareous matter 
upon any solid substances beneath, a multitude of these little grains 
is produced. As might readily be anticipated, a small fragment of 
shell and even a minute crystal of carbonate of lime is sufficient to 
form a nucleus for the concentric coatings of these oolitic grains. 
An obeer^^er would do well, when an opportunity of this kind may 
present itself, to watch the mode in which the grains may be 
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mechanically accumulated, like any other grains of matter, by the 
wash of the sea, or the drift caused by tidal streams, as he will 
thereby be the better enabled to judge of the differences or resem- 
blances he may find between these accumulations and the beds 
formed of oolitic grains in the calcareous deposits of various geolo- 
gical ages. 

While the mode in which calcareous matter may be deposited on 
the shores of seas may thus bo advantageously studied, that in which 
it is effected in deep water must necessarily be matter of inference. 
By the means previously noticed, a large collective amount of 
carbonate of lime, held in solution by the needful addition of car- 
bonic acid, is discharged by rivers into the sea ; more, no doubt, in 
some localities than in others, but still as a whole, somewhat widely- 
Although we might expect solutions of a great variety of substances 
in the sea, the drainage of the land supplying them constantly, our 
knowledge on this subject would be more advanced than it is at 
present, if waters were more collected in different parts of the 
world, and off a variety of coasts, than they have been. 

According to Professor Forchhammer, the greatest amount of 
saline matter in the Atlantic Ocean is found in the tropics far from 
land, in such places the sea-water containing 3*66 parts of saline 
matter in 100. He states, that the quantity diminishes in approach- 
ing the coasts, on account of the rivers pouring their waters into 
the sea, and that it also diminishes on the most western part of the 
Gulf Stream, where the proportion is 3 • 59 per cent. Professor 
Forchhammer proceeds to observe, that by the evaporation of* the 
Gulf Stream waters, the quantity of saline matter increases towards 
the east, and reaches 3 * 65 per cent., in N. lat. 39° 39' and W.long. 
55° 16'. Thence it decreases slowly towards the Js E. ; and at a 
distance of 60 to 80 miles from the western shores of England, the 
Atlantic contains 3*57 per cent, of solid substances in solution. 
The same proportion of salts is found all over the north-eastern part 
of tlie Atlantic, as far north as Iceland, at distances from the land 
not effected by the outflow of rivers.* 

* It is desirable that in all researches as to the amount of the saline contents of the 
ocean, the depth from which waters for examination may be taken, be regarded. 
With respect to the specific gravity of sea water at different depths. Sir James Ross 
mentions (Voyage of Discovery and Research in the Southern and Antarctic Regions), 
that in lat. 39° 16' S. and long. 177© 2' W. (there being no bottom at 3,600 feet), the 
specific gravity at the surface was 1 *0274 ; at 900 feet, 1*0272 ; and at 2,700 feet, 1 *0268, 
all ascertained at 60° Fahrenheit He further states that his daily experience gave this 
diminished kind of specific gravity in the depths. As evaporation would tend to 
render the surface waters more saline, it may be deserving of attention how far this 
cause may operate downwards in the sea. 
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With respect to the chemical character of the saline substances 
in the waters of the Atlantic, it would appear that they do not 
differ so much as might be supposed. At the same time, Professor 
Forchhammer’s researches lead him to consider that lime is rather 
rare around the West India Islands, where myriads of polyps employ 
it for their solid coral structures; the proportion of lime to chlorine 
being there as 247 to 10,000, while the same substance is more 
common in the Kattegat, where part of the lime brought by nume- 
rous rivers into the Baltic is carried to the ocean. In the Kattegat 
the proportion of lime to chlorine is as 371 to 10,000. In the 
Atlantic Ocean 17 analyses gave 297 to 10,000 ; and between 
Faroe and Greenland 18 analyses afforded 300 to 10,000.'*' 

Eesearches of this kind, limited as they are at present, are still 
sufficient to point out the modif 3 ring influences of proximity to land, 
of the heat of the tropics, of the melting of* ice in the polar regions, 
and of oceanic currents flowing from one region, where certain 
conditions prevail, to another where these may be modified. 

As geologists, we have to inquire if the salts in solution, and 
derived by means of rivers from the land, are thrown down on the 
sea-floor, either within a moderate distance from the land, or furtlier 
removed in deeper oceanic waters. If we take the calcareous 
matter, we find that it can be transported, by means of rivers 
flowing outwards, for various distances over the heavier sea waters, 
to be still further carried outwards and into greater deptlis of 
water, probably, if an ocean current seizes on tlie ri^’cr waters thus 
situated. No small aid would be afforded if, w^hen fitting opp>r- 
tunities presented themselves, waters from the streams which might 
thus be traversed were carefully examined with reference to their 
chemical character. In warm climates there might be much 
evaporation from the upper part of river waters thus slowly passing 
along the surfece of the seas, productive of results, as regard matter 
in solution, of appreciable value. 

When we consult analyses of sea waters, to ascertain the condition 
in which lime may be present in them, we find enough to show 
that much is to be learnt by experiments made with the aid which 
the present methods of analysis can afford. Wc can readily under- 
stand that while lime may be pouring into some parts of the ocean, 
as a bicarbonate kept in solution by the proper amount of carbonic 
acid, it might be converted into solid matter by animal life in 
another, in regions where a balance of supply is not kept up, so 

* Forchammer. Memoirs of the British Association for the Advancement of 
Science, vol. xv. p. 90. 
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that eventually very unequal quantities are distributed in solution. 
But it would be well to ascertain such facts carefully, and especially 
with reference to the combination in which the lime may be found 
in the different regions of the ocean.* 

With respect to the deposit of carbonate of Hme from sea waters, 
Dr. Lyon Playfair suggests that, as river waters generally contain 
in solution a small quantity of silicate of potash, the carbonic acid, 
dissolved in sea water, enabling the carbonate of lime to be therein 
held in solution, would act on this silicate, decomposing it, and 
forming a carbonate of potash. The solvent being thus removed 
from the carbonate of lime, the latter would be precipitated, and a 
new portion would be formed from the double decomposition of the 
newly-formed carbonate of potash on the sulphate of lime and chlo- 
ride of calcium when present. He suggests that this process of de- 
composition may account for the silica so frequently found in lime- 
stones. It is, however, to the action of vegetation, where this can 
flourish, on sea waters, that Dr. Lyon Playfair attributes a more 
general deposit of any carbonate of* lime from them. He remarks, 
tliat marine, like terrestrial plants, constantly require and take 
away carbonic acid from the waters around them, so that the quan- 
tity necessary to keep any carbonate of lime in solution, and which 
may find its way into the lea waters, being removed, the carbonate 
of lime is thrown down. 

Independently of the soluble matter thrown into the sea by rivers 
returning to it frequently that which in anterior geological times 
was accumulated in it, we have to reflect that the volcanic action 
which wc know has been set up upon the ocean-floor, sometimes 
throwing up matter above the surface of the sea, forming islands, 
must as a whole have caused no small amount of soluble matter to 
be vomited forth. Looking at the gases evolved and substances 
sublimed from sub-aerial volcanos, we should expect many combi- 


* We are indebted to Schweitzer for a very careful analysis of tlie waters of 
the English Channel. No doubt it is only good for the locality, one not favourable 
for a knowledge of the composition of oceanic waters, being too much shut .11 by laud, 
from which river waters, difiereutly charged with saline matter, are discharged. Uis 
analysis is as follows : — 


Water ----- 964*74372 

Chloride of Sodium - - 27*05948 

,, Potassium - -- 0*76552 

,, Magnesium- - 3*66658 

Bromide of Magnesium - - 0*2929 

Sulphate of Magnesia - - 2*29578 

,, Lime - - - 1*40662 

Carbonate of Lime- - - 0*03301 


With, in addition to those constituents, distinct traces of iodine and ammonia. 
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nations to be formed and decompositions to arise. Seeing also the 
soundings around certain oceanic and volcanic islands, no slight 
pressure would have been exerted upon the earlier volcanic action 
beneath the seas, a modifying influence alone of no slight importance. 
Surrounded by seas of inferior temperature, closing in upon the 
volcanic vent as the heated waters rose upwards, there would be a 
tendency to have certain substances, only soluble at a high tempe- 
rature, thrown down where the cooling influences could be felt ; 
as also, when these substances may be borne upwards by the heated 
waters, to liave them distributed by any oceanic currents acting over 
the locality, supposing that the heated waters either rose to, or were 
produced at distances beneath the surface of the sea where these 
currents could be felt. ^Without entering further upon this subject, 
w'e would merely desire to point out that, in volcanic regions, the 
sea may not only receive saline solutions marked by the presence of 
certain substances not so commonly throwm into it by rivers else- 
where, but that also submarine volcanic action may be effective in 
producing chemical deposits, either directly, or indirectly, wliich, 
under ordinary conditions, would either not be formed, or not so 
abundantly.* 

With regard to the mode in which chemical deposits may be 
accumulated, ijt is very needful to consider that h(.>rizontality is not 
essential to them. They may be formed at considerable angles, 
against any previously-existing surface offering the needful condi- 
tions. Numerous deposits from solutions are effected as well on 
the sides as on the bottoms of vessels containing them.! Hence 
we may liave dejx)sits on the large scale, giving rise to deceptive 
ajjpearances. Let a, for example, in the amiexcd section (fig. 68) 

Fig. 68. 

e d 

a 
h 
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be the surface of a fluid, such as the sea, from which the beds, d, 
have been deposited from chemical s^dution (limestones for instance) 

* It would be very desirable to aacertaiu points of this kind, so far as examining 
the sea waters around volcanic regions may enable the observer to do so ; and more 
especially when, by any fortunate chance, opportunities are afforded after any sub- 
marine volcanic action may be evident or supposed. 

t Pipes conveying waters containing much bicarbonate of lime, or many other 
substances in solution, arc well known to be often coated all round. 
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upon the pre-existing surfece, cd^ of a stratified rock, c c, and it 
might, if only a portion ’of such a section was subsequently exposed, 
be concluded that there had been movements of the Wd tilting 
up these beds at when in reality there has been perfect repose 
as regards their relative position, since the time of their deposit. 
Even when, as a whole, somewhat horizontal accumulations of this 
kind might be expected, they are often found to have moulded 
themselves upon the irregularities of ground upon which they were 
thrown down. 



CHAPTER VIII. 


PRESERVATION OF REMAINS OF EXISTING LIFE AMID MINERAL MATTER. — 
OF PI. ANTS AND VEGETABLE MATTER. — BOGS. — DISMAL SWAMP. — 
RAFTS IN THE MISSISSIPPI. — ANIMAL REMAINS — ON THE LAND. — VER- 
TEBRATA. — OSSIFEROUS CAVERNS AND LAKE DEPOSITS. — INSECTS. — 
LAND MOLLUSCS. — EFFECTS OF SHOWERS OF VOLCANIC ASHES.— ESTUARY 
DEPOSITS. — FOOTPRINTS ON MUD. 

This is a subject of much importance to the geologist desirous of 
reasoning correctly upon the mode in which the fossllifcrous rocks 
may liave been accumulated. The habits of plants and animals 
engage the attention of the naturalist, and by his aid most im- 
portant benefits are conferred upon the geologist. He is tlms 
enabled to infer how plants or animals, found existing under certain 
conditions, may contribute by their remains to the mass of mineral 
accumulations now taking place, these occasionally even forming 
thick beds, spread over considerable areas, without the admixture 
of mud, and sometimes of any sediment derived from the decompo- 
sition or meclianical destruction of previously-existing rocks. 

The obser\'er should, in the first place, direct his attention to the 
manner in which the remains of terrestrial life may be ent^^mbed. 
Though when terrestrial plants die, the substances of which they 
are composed are, as a mass, returned to the atmosphere and soil 
whence they have been derived, the movements of animals which 
may feed upon them being regarded as so far local, that keeping to 
the grounds where their food is presented to them, their droppings 
restore to the soil wliat the plants had removed from it, the car- 
nivorous animals which consume the graminivorous, returning that 
which the latter did not prior to death, — there are still conditions 
under which parts of existing vegetation may become permanently 
preserved. 

Exposed to atmospheric influences after death, vegetation decays 
according to the structure of the different plants and the climate of 
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the locality. The rapidity with which decomposition is effected 
in certain tropical regions is well worthy of attention. We not 
unfrequently find the outside of a large and prostrate tree retain- 
ing its form, and while the whole of the inside is hollow, filled 
with leaves that have fallen into it, and teems with animal 
life. This kind of decay is still more instructive when upright 
stems of* plants, in tropical low grounds, liable to floods, retain 
their outside portions sufficiently long to have their inside hollows 
partially or wholly filled with leaves and mud or sand, the whole 
low ground silting up, so that sands, silt, and mud accumulate 
around these stems, entombing them in upright positions, without 
tops, though their roots retain their original extension. The 
study of* the sedimentary accumulations of river deltas, amid the 
rank vegetation of some tropical countries, is very valuable as 
respects certain deposits in which the remains of vegetation form a 
conspicuous and important portion. Behind mangrove swamps 
much that has a geological bearing may be frequently seen ; and 
indeed amid them, the observer not forgetting to direct his atten- 
tion to the mode in which animal as well as vegetable remains 
become mingled with, and finally covered over by, sedimentary 
matter. 

Not only in the tropics, but in other regions, large tracts of 
marsh land, interspersed with shallow lakes, are highly favourable 
to the accumulation of vegetable substances. The leaves of trees, 
growing in such situations, falling upon the patches of water, take 
a horizontal position, spreading in a layer in certain climates and 
seasons over their surfaces. These leaves gradually soak up water, 
and sink to the bottom. If, from time to time, flocnl waters bring 
fine mineral matter in mechanical suspension into such situations, 
it settles, and thus the leaves become preserved in thin layers 
alternating with the clayey sediment. Should it so happen that 
waters, charged with calcareous matter in solution, find their way 
either gradually and constantly, or by sudden ruslies in floods, we 
may have the leaves or other remains of* plants preserved in a 
deposit of carbonate of lime, more or less pure, according to the 
presence of any other matter brought into the lakes in mechanical 
suspension or chemical solution. 

The manner in which bogs are formed should also be studied. 
Many no longer exhibit their progress over shallow lakes, while 
others will show it. In the latter case we find aquatic plants, like 
the large rushes and water lilies, accumulating mud about their 
roots, as also decaying vegetation, upon which finally the bog 

I 
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plants advance, the chief of which, in our climate, is the Sphagnum 
palustre. As these decay beneath, a new growth continues above, 
up to levels where the requisite moisture can be obtained.^ Trees 
are very frequently seen in these bogs (some of which are very 
extensive), in a manner showing that the conditions favourable for 
the growth of various trees have from time to time obtained, so that 
distinct le'\'els of them have been found occasionally in the same 
hog. ^ ^ 

The extent of bogs is very variable, as also the bottoms on which 
they repose. Sometimes the latter are formed of shell marls, accu- 
mulated at the bottoms of the shallow lakes, anterior to the advance 
of the aquatic vegetation over them. The thickness of bogs neces- 
sarily varies : in some 10 to 30 or 40 feet is not uncommon. Of 
the pauses in the accumulation of bogs, sufficient to permit a growth 
of trees upon them, as also a surface upon which habitations may 
be constructed, perhaps as good an example as any is that of the 
ancient wooden house discovered in June, 1833, in Drumkelin 
Bog, on the north-east of Donegal. It was 16 feet below the sur- 
face of the bog before the upper part was taken off, and 4 feet 
beneath the cuttings of the time, standing itself* upon 15 feet more 
of bog, so that the total thickness at that place had been 31 feet. 
The house itself* was a square of 12 feet sides, and 9 feet high, and 
was formed of two floors, the roof constructed with thick planks of 
oak, the wood employed for the whole dwelling, upon which no 
iron had been us^. Upon clearing away the bog from the level 
of the house, a paved pathway was discovered extending several 
yards from it to a hearthstone, covered with ashes, some bushels of 
half-burned charcoal, some nut-shells, and blocks of wood partly 
burned. Near the house there were stumps of oak trees, which 
grew at the time it was inhabited. A layer of sand had been 
spread over the ground before the erection of the house. All seems 
to have marked a state of repose in the growth of this part of the 
bog ; so that a change of conditions affecting the drainage would 
seem needful to account for the accumulation of 16 feet more above 
the surface, after the time when this wooden house was constructed. 
It may have been that one of those burstings of parts of a bog, 

* Those travelling in North Wales will find, opposite Cwm-y-glo, below the 
bridge crossing the outlet of Llyn-Padorn (the lower Llanberis lake), a good example 
of a lake filling up, with the advance of water lilies and other aquatic plants upon a 
still remaining portion, while bog plants and bog creep on behind them. At the 
proper season, the locality is brilliant with thousands of water lilies thus advancing. 
It is easy to see that this was once a third Llanberis lake, but, being shallow, was the 
4 -a tiAftrlv filled UD. 
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some of which are recorded, had overwhelmed this locality, soft 
boggy matter having gradually accumulated to a higher level under 
favourable circumstances in some place adjacent. 

Bogs are very irregularly dispersed, forming unequal patches 
as to area and thickness. The surface occupied by the bogs of 
Ireland alone, has been estimated at 2,800,000 acres. From the 
humic acid in them, animal and vegetable substances are dften 
found well preserved, and, in consequence, numerous relics of 
ancient times have been handed down to us, which, unless en- 
tombed in bogs, would have remained unknown. Other things 
have evidently been lost in them, and have been brought to light 
by the progress of the turf-cutter. Many of the beautiful bronze 
swords, spear-heads, and other ornaments and weapons of its ancient 
inhabitants, have been thus preserved in Ireland. As might be 
expected, also, the remains of animals arc found which have 
perished in the bogs. 

Of bog-like accumulations in a warm climate, the “ Dismal 
Swamp,” as it is called — 40 miles long, from north to south, and 
25 miles in its greatest breadth, from east to west — partly in the 
State of Virginia and partly in North Carolina, seems an excellent 
example. Sir Charles Lyell describes this swamp as “ one vast 
quagmire, soft and muddy, except where the surface is rendered 
partially firm by a covering of vegetables and their matted roots.” * 
From the nature of the mass, which appears to be chiefly formed 
of vegetable matter, spongy for the most part, logs and branches of 
trees intermingled in it, water is so disseminated that the central 
portions of the swamp are the highest, rising on all sides above the 
surrounding firm and dry land, except for about 12 or 15 miles on 
the western side, where rivers flow into it from more elevated 
ground. The greatest height of the central part above the sides is 
estimated at about 12 feet, and in such central portion there is a 
lake, 7 miles long and 5 miles wide. The greatest depth of* this 
lake is 15 feet ; the sides are composed of steep banks of the vege- 
table mass, and the bottom is chiefly formed of the same matter in 
a highly-comminuted state, with sometimes a white sand, about a 
foot thick. Elvers flow out of the swamp from all other parts of 
its margin except that mentioned. 

It is a highly-interesting fact as connected with this swamp, one 
having many geological bearings, pointed out by Sir Charles Lyell, 
that the surface supports a growth even of trees. He mentions 


I 2 


Lyell’s Travels in North America, vol. i., p. 143. 
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the juniper trees {Cupre%mB thyoide%) as standing firmly in the 
softest places, supported by their long tap-roots. With other ever- 
greens these trees form a shade, under which grows a multitude of 
ferns, reeds, and shrubs. The great cedar {^CupreMiLS diaticha) 
also flourishes under favourable conditions. Trunks of large and 
tall trees lie buried in the swamp. They are easily upset by ex- 
traordinary winds and covered in the mire, where, with tlie excep- 
tion of the sap-wood, they are preserved. Much of this timber is 
found a foot or two from the surface, and is sawn into planks half' 
under water. Bears inhabit the swamp, climbing the trees in 
search of acorns from the oalcs, and gum berries. There are wild 
cats also, and occasionally a wolf is seen ; so that there must often 
be conditions for the loss of these animals in the mire, and for the 
preservation of their bones. Indeed, in such a region as this, 
occupying an area of several hundred square miles, the amount and 
mixture of animal and vegetable matter, which may be collected in 
one great extended slieet, is not a little remarkable. 

Rivers, in some regions, carry forward not only the small plants 
with the leaves and branches of the larger, but multitudes also of' 
trees are thus sometimes transported, part of them retained within 
the sedimentary deposits of the rivers themselves, part swept out 
seawards. It is not among the long-cultivated lands that the 
amoimt of plants, great and small, carried downwards ])y rivers, is 
best observed, though during floods in them large trees are occa- 
sionally borne down their courses. It is in regions where man 
has not by liis labours modified the growth of vegetation, or the 
course of rivers, that the transport of plants by running waters can 
be well studied. We then have conditions resembling those under 
which vegetable remains may in this way have been mingled with 
the sedimentary deposits of previous geological pericxls. On this 
account, the courses of rivers, such as those of the Mississippi and 
its tributaries, are still highly instructive, though in various ways 
other rivers, pursuing their courses through lands not yet culti- 
vated in any paxt by man, may be still more so. The mags of the 
Mississippi, or great trees carried away from its banks, or those of 
Its tributaries, and which are anchored, so to speak, by their roots 
upon the bottom of the stream, their heads bending with its strength, 
are well-known examples of the jmrtial stoppage of' treses on their 
course downwards. The same river, or rather one of its delta 
stoeams, named the Achafalaya, furnishes us with a good instance 
o a large accumulation of some of these drift trees within the last 
80 years. About that time since numbers of these drift trees got 
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entangled in the channel, so that they no longer passed freely down 
it. Eventually they formed a mass, termed the Raft, distributed 
irregularly, and rising and falling with the waters, for a distance of 
twenty miles, closely matted together in some localities. In 1808 
the cubic contents of this collection of drifted trees was estimated 
at 286,784,000 cubic feet.* If by any change of conditions the 
channel of the Achafalaya became little supplied with water, and 
the raft consequently fell in the channel and was covered over with 
fine sediment derived from muddy waters quietly working their 
way into the old river course, a long line of lignite, corresponding 
with twenty miles of the old channel of this river, might be the 
consequence. 

When we regard the great rivers of the world, we can scarcely 
avoid considering that a large amount of plants and trees, differing 
in kinds and structure according to climates, must be annually 
entombed, in a manner to prevent that decay they would have suf- 
fered if left, after death, solely to atmospheric influences. No doubt 
much of this vegetation is still decomposed after transport by the 
rivers to their deltas, yet much also must be entombed in deposits 
excluding ordinary atmospheric influences, and leaving the plants 
under conditions favourable for their gradual alteration into lignite, 
or to the more advanced state of coal, should geological changes so 
permit. In deltas, also, we have, in the pools and lakes formed by 
the advance of the sediments thrust forward by the riveis, circum- 
stances in many regions faA'ourable to the growth of aquatic and 
swamp vegetation. In such situations, as they fill up by the 
occasional inflow of tlie muddy waters of the rivers in flood, and 
by the growth and partial decay of the vegetation, we have also 
conditions suited to the preservation of some of the plants, or their 
parts, often in the positions in which they grew, mingled with 
carbonaceous matter and beds of sediment. It may so happen, 
in rivers where sands as well as mud are forcc'd forward, 
that by the occasional shifting of a stream, or the breaking away 
of a bank, previously barring the entrance of any portion of* a 
main stream, sands may be thrust forward over accumulations of 


The 20 miles of length were estimated at 10 miles, this distance being considered 
as representing a close packing of the trees. The average breadth was taken at 220 
yards, and the depth at 8 feet.— (Darby, Geographical Description of ihe State of 
Louisiana.) Rafts of this description, but of less size, are, as might be expected, 
found in other divisions of the Mississippi and its tributaries. Captain Hall (Travels 
in North America, vol. iii., p. 370) mentions being a witness of one of those falls of 
the banks of the Missouri, covered with trees, which throw so much drift wood into 
the Mississippi, the banks of the latter also contributing largely to the general moss. 



118 PRESERVATION OF ORGANIC REMAINS [Ch. VIII. 

this kind, their deposit marked by successive lateral and sloping 
additions, such as have been previously mentioned. 

With regard to the preservation of animal remains on dry land, or 
in fresh water, we have to recollect that the rapacious animals very 
frequently devour the bones of the vertebrata which they destroy, 
and that the scavenger animals eat up those which the former 
may have left unconsumed, so that few bones generally remain 
exposed on diy land to be decomposed by atmospheric influences. 
It is very prolxible that in deserts, the bones of animals wliich have 
perished in them may be often buried beneath great sand-drift^ 
there to remain, perhaps, if decomposing causes be slight in such 
situations, until geological changes may again bring such deserts 
beneath waters, and consolidation or removal of the sands be eflPected, 
as the case might be. We have seen the bones of rabbits and birds 
exposed by a shift of some of our coast sand-hills, by which portions 
of old accumulations, marked by successive growths of vegetation, 
have been carried oflf by the winds. 

Vertebrate animals are, in some countries, overwhelmed by the 
fall of parts of moimtain sides or cliffs, so as to become buried 
deeply in situations where their bones are under conditions favour- 
able for preservation. Occasionally, they are destroyed by the 
partial fall of sea cliflfs on tidal coasts, while wandering beneath 
them when the tide may be out, their harder parts, perhaps, waslied 
out to sea when the breakers may have subsequently removed the 
fallen mass. Such harder parts may thus become mingled with 
any sedimentary accumulations then forming, should they not be 
ground to pieces on the coast by the breakers. 

While studying the mode in which the remains of vertebrate 
animals may be preserved without the aid of streams, pools, or 
lakes of fresh water, it will be observ^ed that the clefts of rocks, in 
countries where such occur, are places into which more animals 
fall than might at first sight be thought probable. In some of our 
limestone districts, where caverns are found open to the surface, 
many an animal is lost, notwithstanding the precautions usually 
taken, so tliEt we are prepared to expect that, in uncidtivated regions, 
animals chased by others, coming suddenly upon the brink of a 
fissure and unable to clear it at a bound, often get precipitated into 
it. How far their remains may be preserved will necessarily de- 
pend upon circumstances. While even inaccessible to scavenger 
quadrupeds, many of these fissures are open to scavenger birds 
who descend and devour the flesh, leaving the bones. Scavenger 
insects can readily also consume the softer parts. The ultimate 
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preservation of the bones from the decomposing effects of atmo- 
spheric influences would depend upon their exclusion from them. 
The accumulation of clayey matter in the fissures, washed in from 
the tops or sides during rains, mingled often with fallen portions 
of rocks, forming the sides of the fissure, will tend to this end. 
Still better, however, would be their entombment by calcareous 
stalagmites and stalagtites, where these were formed in the fissures 
of limestones. In the latter case, we might have an ossiferous 
limestone breccia rising to the surface irregularly, the width vary- 
ing with the form of the walls of the original fissure. 

Caves, inhabited for a length of time by the same kinds of 
animals, during which they brought in their prey, so that such 
parts of themselves or of this prey which may have remained un- 
consumed accumulated, also afford opportunities for the preserva- 
tion of vertebrate animal remains, according to circumstances. If 
these remains, even teeth, continued long under the decomposing 
conditions likely to obtain in such situations, without some pro- 
tection afforded by clay in some caves, by stalagmites in limestone 
caverns, or by numerous fallen fragments, few traces would be ex- 
pected, while, if these protecting influences existed, such remains 
might often be preserved. 

It is, however, to the aid of water we have to look for the en- 
tombment of vertebrate remains in the largest quantities, though, 
no doubt, the labours of Buckland and others have taught us how 
much may be preserved in fissures and caverns. We have already 
noticed the loss of animals in bogs and swamps. In some regions, 
the collective amount of* those which perish in this manner must be 
considerable. We have reason to believe that many mammals 
perish in lakes, sometimes sinking into soft ground on their borders, 
at others '^hile endeavouring to cross them. In the former case 
they may be preserved, as in bogs and common swamps, in a nearly 
vertical position, their bones occurring relatively to each other as 
in life. In the latter, their bones may often be scattered. After 
decomposition had sufficiently advanced, so that the dead body 
floated, it may be either drifted to a shallow or deep side of the 
lake, supposing, for illustration, that both existed. If to the latter, 
and decomposition had still further advanced, and probably also 
the scavenger animals, both of the air and water, had consumed no 
small portion of it, the body might descend into deep water, with 
the bones still, as a whole, in their relative positions, so that if 
detrital or (fhemical deposits were there taking place, they would 
be in the condition to be so preserved. If drifted and stranded on 
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a shallow part of a lake, the body would be liable to be attacked 
with facility by scavenger land quadrupeds, which might not have 
ventured into the water of the deep parts of the lake for this pur- 
pose. In many instances, as those who may have seen the dead 
bodies of animals under such circumstances are aware, the bones 
would be eventually much scattered, part of them pulled upon the 
dry land and decomposed, if not eaten, while another part may, 
under favourable circumstances, again enter the lake, and be there 
enveloped by deposits in the progress of formation. 

Whether land animals floated or not after being drowned in 
lakes must often depend upon the consumption of their flesh while 
submerged. The various regions of the world furnish us with 
dIflFerent creatures inhabiting such pieces of water. In many warm 
climates, the bodies would soon be attacked by reptiles, capable of 
easily destroying their softer parts. In some countries, the croco- 
dilian family would speedily proceed to devour them, and not the 
less greedily that some decomposition had taken place. By their 
aid some animals might get ^smembered in such a way that the 
bones became finally much scattered, and the parts of the same 
animal be somewhat spread among lacustrine deposits. The croco- 
diliuns themselves add not a little to the remains of terrestrial ver- 
tebrata entombed in lake accumulations, by seizing animals on the 
shores and dragging them into the water.* 

With respect to the remains of aquatic reptiles and fish in lakes, 
the voracity of many of these creatures is commonly so great, and 
the system of mutual prey so incessantly kept up among them, that 
entire skeletons would have to be preserved under very favourable 
conditions. The deltas of the great rivers, especially those in 
tropical regions, will afford opportunities for the study of the 
manner in which the remains of aquatic reptiles may become em- 
bedded in detrital matter. We have seen the caiman of Jamaica, 
when pursued, so buiy himself in the mud of the lagoons, in wliich 
he delights to live, that occasionally there must be some difficulty 
of withdrawal from it. 

Floods in rivers, particularly those of large size, flowing amid 
great plains, where the sudden rise of water covers a large area in 
a short time, concealing the more shallow portions, would appear 

* The caiman of the great West India Islands in this way frequently obtains dogs, 
and sometimes goats, incautiously approaching a place where he may be lurking’ 
perhaps half depressed in mud, with the tip of his snout at the surface of the water. 
The caiman is considered by the negroes so fond of dogs’ flesh, that when a bent man- 
grove tree, with a running noose, may be placed to catch one, a dog in a stout 
stockade, in the line traced out for the caiman, is thought one of tlic best baits. 
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the means by which many mammals are swept off their feeding- 
grounds, drowned, and their dead bodies buried amid the detritus 
borne down at the same time. At such times, also, bones of mammals 
which remain strewed about in the more exposed situations, not 
consumed or decomposed, get mingled with the mud, silt, or sands, 
carried forwards, and finally deposited. To delta accumulations, 
whether in lakes or seas, such floods must, in certain climates, 
often bring down terrestrial mammals, mingling their remains with 
those of many reptiles. 

Though, from their powers of flight and consequent escape, we 
sliould not expect to find birds caught by floods so as to be carried 
away, drowned, and, under favourable circumstances, their harder 
parts entombed, yet, as we do occasionally, though rarely, find the 
body of a land bird borne down a stream in countries and at times 
of the year when we have no reason to suppose that it has been 
shot or otherwise destroyed by man, perhaps we may look to this 
cause as one, however occasional and rare, by which remains of' 
birds may be preserved. It is in districts where great floods 
suddenly rise over very extensive flat lands, particularly at times 
when the young of many birds inhabiting and breeding upon them 
are unable to fly far or at all, that we anticipate the more f’requent 
surprises of' this kind. Land birds occasionally fall into lakes and 
perish. We have seen instances in wliich land birds chased by 
hawks have fallen into lakes. Accidents causing death also now 
and then happen to the waders frequenting the margins of lakes, 
as also to birds wliich live habitually on their waters, either sup- 
porting tliemselves by fishing in the shallow parts, like the swans, 
or by the aid also of diving, like the duck tribe. Tlie preservation 
of their bones, once at the bottom, in lacustrine accumulations, would 
be the same as with other animal remains. 

Under all circumstances, perhaps, to floods passing over extensive 
flats, raising to the surface of the water the bodies of' birds which 
have perished by natural deaths, and which may be capable of 
floating, or sweeping forwards the bones of others, not yet con- 
sumed by scavenger animals, we may look for the chief causes of 
the transport by water and entombment of the remains of birds in 
the resulting deposits.* 

* Neither should we forget, when considering the manner in which birds’ bones 
may be preserved within the lM>undaries of land, that they may get entangled among 
travertines, and thus may be entombed in lines and patches corresponding with such 
calcareous deposits as tliey form in streams or pools, as under favourable circum' 
stances in Italy. 

In the great deserts of the world, birds, such as ostriches, perishing, their remains 
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During floods also conditions are very favourable to the sweeping 
off* of numerous insects, even those having the power of flight 
being caught up in the waters before they could escape. Multi- 
tudes of these insects are no doubt consumed by fish, yet the 
remains of others may readily be so mingled up with the sediment 
of the flood waters where it can be deposited, as to remain per- 
manently encased by mud, silt, or sand. Seeing the avidity with 
which, in general, insects cast by myriads, as they sometimes are, 
on the surface of lakes or pools of water, are devoured by fish, 
when we discover their remains embedded in calcareous matter, as 
they have been, we should expect circumstances ill-suited to the 
habits of insectivorous fish and aquatic reptiles. It may be that in 
waters in certain pools or lakes charged with large quantities of 
carbonate of lime in solution by means of the needful carbonic acid, 
the latter may be so abundant as to drive off the insectivorous fish, 
and insect-eating aquatic reptiles. 

We find the remains of land molluscs mingled with soils in many 
localities in sufficient abundance to show how capable the shells of 
these animals are of preservation when circumstances will permit. 
Though light as regards the absolute weight of each shell, the 
specific gravity of land shells is considerable, more approaching that 
of arragonite than of common calcareous spar.* In soils, the shells 
are ill placed for resisting decomposition beyond a certain amount 
of time, the waters containing carbonic acid readily percolating to 
them, so that in such situations they are, if not lately embedded, 
usually brittle, and not unfrequcntly broken. Among blown 
sands land shells are often abundant, some land molluscs especially 
delighting in such habitats. 

In volcanic countries, or those over which, from their proximity 
to such countries, volcanic ashes may be scattered, and sometimes 
abundantly, land shells, and, indeed, various other land animals, 
may be completely covered over with coatings sufficient not only 


may be often covered over by great sand drifts, and remain so long beneath, even 
supposing some change of drift to expose them, as to be no longer available as food 
to the animals which would otherwise consume them. Some may remain permanently 
^vered, until, as previously mentioned, by a change of geological conditions, these 
deserts may be again submerged, and their sands be either removed or consolidated 
into rocks. 


* When experimenting some years since upon the specific gravity of shelh 
found those of the following land molluscs to be 


Helix Pomatia 2*82 

Bulimos decollatus 2*85 

undatus 2*85 

Auricula bovina 2*84 

Helix citrina 2*87 


wo 



ch. vm.] 


AMID MINERAL ACCtTMULATIONS. 


123 


to kill them, but to aid in the preservation of their hard parts. 
The fall of large quantities of ashes and cinders, discharged in some 
volcanic eruption, would appear to cause a greater sudden entomb- 
ment of terrestrial animals, with the probability of preserving their 
more solid parts entire, than can be obtained without the aid of 
water, even including the moving sands of deserts. Volcanic 
districts are, in temperate and tropical regions, often fertile, abound 
ing in vegetable and animal life, so that in regions, such as Sum- 
bawa and Java, for example, land animals, including an abundance 
of molluscs, may be readily buried beneath discharges of lapllli and 
ash, such as were vomited forth from the volcano of Tomboro, in 
Sumbawa, in April, 1815.* 

♦ The eruptions commenced on the 5th April, and continued more or less until 
the 10th, when they became more violent. A Malay prahu was on the 11th, though 
distant from Sumbawa, enveloped in utter darkness from the ashes in the air. Upon 
landing afterwards on the island, the commander found the country covered to the 
depth of three feet by ashes and cinders ; and difficulty was experienced in sailing 
through the cinders floating on the sea. At Macasar, 217 nautical miles from Tomboro, 
the volcanic discharges w’ere heard to such an extent that, supposing there was an 
engagement with pirates near at hand, the East India Company’s cruiser “ Benares,” 
was despatched wdth troops on board to look after them. The following account, by 
the commander of the “Benares,” obtained by Sir Stamford Baffles, will show the 
amount of ashes and cinders vomited forth 

Proceeding south to ascertain the cause of the explosions heard, at 8 o’clock on the 
morning of the 12th, “ the face of the heavens to the southw^ard and westward had 
assumed a dark aspect, and it was much darker than when the sun rose ; as it came 
nearer it assumed a dusky-red appearance, and spread over every part of the heavens ; 
by ten it was so dark that a ship could hardly be seen a mile distant; by eleven the 
whole of the heavens was obscured, except a small space towards the horizon to the 
eastward, the quarter from which the wind came. The ashes now began to fall in 
showers, and the appearance was altogether truly awful and alarming. By noon the 
light that remained in the eastern part of the horizon disappeared, and complete dark- 
ness covered the face of day. This continued so profound during the remainder of the 
day that I,” continues the commander of the “ Benares,” “ never saw any thing to equal 
it in the darkest night; it was impossible to see the hand when held flose to the eyes. 
The ashes fell without intermission throughout the night, and were so light and 
subtile that, notwithstanding the precaution of spreading awnings fore and aft as 
much as possible, they pervaded every part of the ship.” 

“ At six o’clock the next morning it continued as dark as ever, but began to clear 
about half-past seven, and about eight o’clock objects could be faintly observed on 

deck. From this time it began to clear very fast The appearance of the 

ship when daylight returned was most singular ; every part being covered with falling 
matter. It had the appearance of calcined pumice-stone, nearly the colour of wood 
ashes ; it lay in heaps of a foot in depth on many parts of the deck, and several tons of 
it must have been thrown overboard ; for though an impalpable powder or dust when 
it fell, it was, when compressed, of considerable weight. A pint measure of it weighed 
twelve ounces and three-quarters ; it was perfectly tasteless, and did not affect the 
eyes with a painful sensation ; had a faint smell, but nothing like sulphur ; when 
mixed with water it formed a tenacious mud difficult to be washed off.” 

Approaching Sumbawa on the 18th, the “Benares” encountered an immense ‘ 
quantity of pumice, mixed with numerous trees and logs with a burnt and shivered 
appearance. The fall of ashes at Bima, 40 miles from the volcano, was so great as to 
break in the Resident's house in many places. The Rajah of Saugar described some 
of the stones which fell there to have been as large as two fists, though not generally 
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The great eruption of Vesuvius in 79 furnishes us with an ex- 
cellent example of the manner in which the surface of a country 
may be covered up by the discharge of volcanic ashes and lapilli, 
so that various works of art and use are preserved for our instruc- 
tion, Pompeii not only shows us paintings still remaining on the 
walls of the houses, but also a great variety of delicate articles, ex- 
tending to those of the women’s dressing-cases. At Herculaneum 
we have even the writings of the time on papyri, in part still 
legible. We see an abundance of men’s works as they were 
overwhelmed by the discharge of the ashes and cinders upon 
them, and often in a condition, after being thus buried beneath 
mineral matter, permeable to water, for 1800 years, which might 
not at first be expected. So little general injury seems to have 
been sustained by the town, even by the shocks of explosions so 
near, or earthquake movements, that the crusliing in of house-tops 
by means of the weight of* ashes and cinders, and the filling up of 
all comers by the finer dust, appear to have been the chief effects 
produced. Walking in the street of tombs at Pompeii it seems to 
require little else than the presence of persons clothed in the cos- 
tume of the place when overwhelmed by cinders and ashes, to liaA'c 
that street presented to us as it appeared 1800 years since. As 
showing that not only bones may be preserved under such conditions, 
but the form of the flesh itself which clothed them, two remarkable 
instances have occurred at Pompeii, where parts of the human form 
retained their external shape, the enveloping ash having been 
sufficiently consolidated, before the decomposition of the flesliy 
parts. The thickness of the ashes and lapilli which covered up 
Stabia?, Pompeii, and Herculaneum in 79, has been estimated as 
varying from 60 to 112 feet in depth."^ 

There are few things we can consider more suddenly destructive 
of terrestrial animal and vegetable life than these great volcanic 
eruptions, particularly within areas where several feet of lapilli and 
ashes can be accumulated over a considerable area within a few 
days. The whole surface previously clothed with vegetation, 

above the size of walnuta. A great whirlwind is mentioned by the Rajah, ** which 
blew down nearly every house in the village of Saugar, carrying the tops and light 
parts along with it. In the part of Saugar ac^oining Tomboro, its effects were much 
more violent, tearing up by the roots the largest trees, and carrying them into the air, 
together with men, houses, cattle, and whatever else came within its influence.'* Many 
thousands of lives were lost, and the vegetation of the north and west sides of the 
peninsula jvas completely destroyed, with the exception of a high point of land where 
the village of Tomboro previously stood, and where a few trees still remained. — Life 
of Sir Stanford RafUea. 

* Daubeny, Description of Active and Extinct Volcanoes," 2nd edit., 1848, 

p. 221. 
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with a multitude of land molluscs and insects, with many birds and 
mammals, may be all covered with a thick coating of these volcanic 
products ; many of the molluscs and insects close to the plants on 
which they may have been feeding. In regions where bogs pre- 
vail, large tracts of these vegetable accumulations may be buried, 
with any birds, insects, or molluscs frequenting them, by a thick 
layer of ashes and laplUi, the subsequent consolidation of which, by 
geological causes, might produce the deceptive appearance of a 
molten rock having flowed over them without producing those 
effects which would, under the latter supposition, have been 
anticipated. Indeed, when we have to study the fossil vegetation 
of some regions, a reference to the conditions under which trees 
and even bogs may be covered by volcanic ashes is one by no means 
to be neglected.* 

In tideless seas, terrestrial animal and vegetable substances, borne 
down floating on the rivers, necessarily pass out over tlie dense 
waters of the sea to various distances, according to circumstances, 
and may be transported still further than the force of the river 
waters have carried them by favouring currents, should there be 
such, or by winds, the latter capable of driving them about in 
various directions, should they change. The body of a drowned 
animal, the decomposition of which is sufficiently advanced to give 
it the specific gravity capable of floating (and it should be 
recollected that it would float easier in sea than in fresh water, as 
regards its own specific gravity), may be thus drifted a considerable 
distance until eaten, or too much decomposed to float. Small 
animals may be readily consumed, bones as well as flesh, by the 
larger voracious fish ; but the bones of the larger mammals might, 
under favouring circumstances, find their way to the bottom, even 
in deep tideless seas, like parts of the Mediterranean, to be there 
mingled with the remains of molluscs or other creatures inhabiting 
the same depths. 

The observer has, in like manner, to consider the various land 
plants and trees which can be carried long distances, sometimes with 
live creatures still upon them, parts of‘ the latter subsequently, at 
least those which may escape the voracity of marine animals, 

* It is stated that in consequence of the great eruption of Skaptar-jdkul in 1783, the 
atmosphere over Iceland was impregnated with dust for a long time. Traces of this 
dust were observed in Holland. It is evident that bogs in Iceland may readily become 
buried beneath volcanic ashes and cinders under such conditions. We may take the 
great explosion of the Souffriere, in Guadeloupe, in 1812, as an example of tie destruc- 
tion of vegetable and animal life, and of a considerable covering of both in many 
places in a tropical region. It was during this eruption that ashes were conveyed to 
Barbadoes by an upper current of wind, opposite to the trade wind. 
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scattered over various depths of the sea bottom. It will require 
little attention to see how often the dead shells of land molluscs get 
thrust out seawards^ their modes of floatation at first being such as 
to keep them above water. The positions necessary for this pur- 
pose will depend upon the state of the sea surface at the time. 11, 
notwithstanding the state of weather which may have caused floods 
in the interior of adjoining lands, lifting oflF the dead shells from the 
low grounds in multitudes, the sea be moderately calm, the land 
shells will be carried on with the river waters, but if there be a 
breaking sea they soon get upset and sink. 

In such situations we have also to regard the mingling of 
detrital with organic matter, which may be effected by the push- 
ing forward of the sands and gravel on the bottom of the rivers. 
Many a drowned animal may thus become mixed up with a delta 
advance, and many a river and land mollusc be included amid a 
general subaqueous drift Trees often get entangled and buried on 
the coast, as well as floated off seaward. 

Thus in tideless seas we have the ready means of transporting 
terrestrial and fluviatile vegetable and animal remains to various 
distances seaward, some under favourable circumstances, capable of 
being embedded in marine deposits at various depths, while others 
are included amid the detrital accumulations formed by the action 
of the rivers, thrusting out silt, sand, and gravel from the shores, 
not forgetting any calcareous deposits which may sometimes be added. 

In estuaries we obtain a state of things somewhat different. In 
them a check is afforded at each flood tide, to all borne floating 
out by rivers, so that when great freshets prevail in the rivers, all 
caught up by the floods in the interior and floated off low grounds, 
or borne to the main streams by tributaries, arc arrested in their 
progress. The floating bodies of animals, trees, and smaller plants, 
are thus not permitted to escape directly seaward, but are lifted by 
the height of the tide over any low grounds bordering the estuary, 
these flats, at such times, being more than commonly covered witli 
water. When the ebb tide lowers the waters, the various substances 
floated over the estuary lowlands not unfrequently remain upon 
them, more particularly if any wind prevailing at the time forces 
them on the edges of the flooded lands. There is often a curious 
mixture of terrestrial, fluviatile, estuary, and more marine animal 
and vegetable remains, scattered over the estuary flats after such 
floods, more particularly should it happen, as it sometimes does on 
the western parts of the British Islands, that a heavy gale, accom- 
panied by much rain, occurs at a time of spring tides, so that the 



ch. vin.] 


AMID BnNERAL ACCUMULATIONS. 


127 


high tides combined with an on-shore wind, rising the sea waters 
still higher, are met by strong freshets from the land. Under ordi- 
nary conditions, fringes of estuary fuci, mingled with land plants, 
estuary crustaceans and molluscs and land shells, with here and 
there the remains of some creature, more strictly marine, are fami- 
liar to all visiting estuaries. 

Although amid the deltas of rivers delivering their waters into 
tideless seas, among the lagoons formed and the coasts adjoining, 
there may be variable mixtures of fresh and sea waters, affording 
proper places for the growth and increase of vegetables and animals 
fitt^ for living in brackish water, the conditions are different 
from those of an estuary. In the one case the waters are stationary, 
except so far as floods from the interior may force forward an 
extra amount of fresh water, or a prevailing on-shore wind may 
drive in a greater volume of sea water ; while in the other, large 
tracts are sometimes bare at one time and covered by water at 
another, the amount of the saline mixture being variable also, 
depending on the state of the tide and the volume of fresh water 
falling for the time into the estuary. And here it is necessary to 
remark tliat the observer should not consider as an estuary one of‘ 
those great indentations of a coast, commonly termed an “ ann of 
the sea,” and which is but “"he consequence of the sea level cutting 
a previously-formed inequality of the land surface, not unfrequently 
the prolongation of some valley. No doubt the one kind of coast 
may sometimes shade into the other, but as regards the kind of 
life inhabiting estuaries, we should consider brackish water as 
essential to the latter ; at all events to such an extent that at low 
tide a river, the waters of which become fresh or brackish, should 
occupy the channel left. 

Under the conditions of* an estuary silting up in the manner 
previously noticed, it must necessarily happen that the molluscs 
and other creatures inhabiting difierent surfaces, or small depths 
beneath them, died, such harder parts of them as might be pre- 
served remaining at levels corresponding with such surfaces, here 
and there mingled according to circumstances, with vegetable and 
animal remains, drifted as above mentioned. It will be well to 
examine the manner in which the diflTerent parts of an estuary 
surface may vary at the same time as to the animal life existing 
upon it, from the creatures inhabiting the little rills of water 
which only get checked at spring tides, otherwise meandering 
amid the higher estuary mud or clay-fliats, to those in or upon the 
sands in the more exposed situations, covered by every tide. 
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The manner in which terrestrial animals may become caught 
in the softer places should also receive attention, especially where 
springs, readily finding their way beneath silt and sand, form quak- 
ing or quick sands which engulf them, their bones remaining after 
the flesh has been consumed by the scavenger animals. An observer 
should by no means neglect the foot-prints of terrestrial animals, 
nor indeed of any leaving marks or trails, such having lately, and 
very deservedly, become of geological importance. These foot- 
prints are often excellently well preserved upon the mud or clay 
flats, or gently-sloping grounds of estuaries. Very many estuaries 
aroimd the British Islands afford abundant opportunities for the 
study of the mixed foot-prints of birds and mammals upon the 
mud or clay, more especially during the heats of summer, and at 
neap tides, when extensive surfaces, covered at spring tides, may 
be bare and exposed to the drying influence of the sun. Wc have 
often seen the foot-prints of common gulls, where these birds have 
been busy around some mollusc, crustacean, or fish drifted on shore, 
and sufficiently in a fresh state for their food, most beautifully 
impressed upon clay or mud, hard dried by the sun, the courses of 
the birds, sometimes single, at others in pairs or more niunerous, well 
preserved. In the same way the tracts of other birds are common, 
crossed here and there by those of rabbits, hares, stoats, and 
weazles, and occasionally of dogs. In some localities, after an area 
of mud or clay, thus trod upon during the difference of time 
between the spring and the neap tides, has been well dried by 
the heats of the summer sun, with deep cracks formed from 
loss of moisture, pieces of the most instructive kind may with 
care be taken away, further dried and preserved, and even baked 
into a brick substance, if the composition of the clay be well suited 
to the purpose. Mingled with these marks we have often also the 
trails of molluscs, as also those of estuary crustaceans, striving to 
regain the water, after finding themselves left by the tide. 

It might at first be supposed that the rise of the tides over this, 
for the time, somewhat liard surface, marked by the foot-prints 
and trails of different animals, would entirely obliterate all traces 
of them. How far this may be eflfected will, however, depend 
upon circumstances. If the rise of the tides from neaps to springs 
were accompanied by much ripple or waves from winds, it would 
be anticipated that the fine detritus constituting the mud or clay 
would, when remoistened, be readily caught up in mechanical 
suspension, so that all traces of foot-prints and trails would ^ 
removed. In all situations where such ripple or waves could be 
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felt this would be expected. All parts of estuaries are, however, 
rarely exposed to such influences at the same time : many a nook 
remains tranquil ; and in those where the accumulation of detritus is 
in progress, and films or fine layers of mud succeed each other, il* one 
becomes hardened before another is deposited, a line of separation 
more or less permanent is usually established between them. We 
are sometimes able to separate these layers from eeich other, after 
careful drying, so that foot-prints are seen upon many surfaces, 
beneath each other. We have been fortunate in this respect 
with some portion of sun-dried mud of the Severn estuary, and 
Sir Charles Lyell has pointed out the manner in which the foot- 
prints of the sandpiper (Tringa minuta) are not only preseived in 
the red mud of the Bay of Fundy (a locality so favourable from its 
tides, for the exposure of much ground at the neaps), but also 
repeated upon the diflferent layers of accumulation. 

In some estuaries, long necks of sands and sandhills so, in part, 
cross their mouths, that bays of still or comparatively still water, 
occasionally of considerable area, occur behind them, the main 
streams of tide flowing elsewhere. Let us assume, for illustration, 
that fig. 50 (p. 55) represents some estuary of this kind, and that, 
instead of a shingle beach, d is a tract of sandliills, perhaps extend- 
ing several miles in length, then e would be the kind of bay 
noticed, left in comparative 4 uiet, as regards the stream of tide, 
flowing chiefly on the opposite coast. Much would of* course 
depend upon conditions as to the kind of deposits effected at e, but 
under the supposition tliat the set of the tides was such as not to 
cause a sweep of the stream round this bay, it would be favourable 
for the occasional deposit of the finer sediment or mud borne 
down the river, /, by floods. At the same time it would be 
exposed to the drift of‘ sand from the sandliills, d. In such 
localities, we have seen the foot-prints of mammals and birds, 
hardened in the sun, well strewed over by the drift sand from the 
sandhills ; and it should be observed, that the same winds which 
were powerful enough to disturb the sandhills and cause the drift, 
would be prevented by the shelter afforded behind the same hills 
from disturbing the bay waters near the shore, tlu'se waters being 
under the lee of the sandhills, so that even in the shore and 
shallow waters the sand may be drifted o^'er the mud or clay, 
filling up the hollows of the foot-prints. 

Should the general surface of the land be subsiding gradually, as 
regards the sea level, it will be obvious that great estuaries may 
present conditions highly favourable to the preservation of the foot- 
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prints ot animals, the actual remains of which, amid the detrital 
accumulations, may be most rare. Many aquatic birds frequenting 
estuaries at particular times, often when driven to seek their food 
in such situations, from tempestuous weather in their more common 
sea haunts, may thus leave their foot-prints, the conditions for the 
preservation of whose bones in the estuary deposits themselves 
would be of the most rare kind, indeed not to be expected, except 
under the accident of some individual being killed when up the 
estuary. With the most truly estuary birds, those which build and 
commonly live on estuary shores, the case might be different. 
Upon the supposition of a gradual change in the level of the sea, 
the land descending, we might have sands abundantly thrust 
forward over clay with foot-prints and trails. A lowering of a mass 
of sandhills, partly barring the mouth of an estuary, would at once 
place much arenaceous matter within the transporting influence of 
the tidal waters, to be drifted over mud flats, formed previously 
behind them. In some regions the mass of sand, either accumulated 
as partial and sub-aerial bars, or more gathered together by the 
sides of estuary mouths, to be again thrown into tides, however 
eventually other sandhills and tracts might arise (conditions con- 
tinuing favourable), would be considerable. 

That the remains of cetaceans should be found amid estuary 
accumulations, as also those of numerous fish, some of them more 
known as purely marine than estuary, will not surprise those who 
may have seen the porpoises dashing up the estuaries of our coasts 
in chase of fish which they have driven before them, and their oc- 
casional entanglement in shoal waters, when left by a quick-falling 
tide. Other cetaceans also get sometimes stranded. It is more 
common to find the chased fish, especially the smaller fry, driven 
on shore. The birds, no doubt, then pick up the fish abundantly, 
so that only a minor portion may leave their hard remains for 
entombment, and doubtless, also, the cetaceans often escape in the 
pools where they may be caught upon the rise of the tide, but there 
are still many chances for the preservation of the harder parts of 
these animals amid estuary accumulations wliich should not be 
neglected. 
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It is in connexion with the sea, looking at the evidence afforded 
us by the various fossiliferous rocks of different geological ages, 
that we should look for the prcserv'ation of the great mass of animal 
remains amid the detrital and chemical deposits of the time. We 
have seen that, by means of rivers and winds, various plants and 
animals, or their parts, may be borne into the sea, and that in es- 
tuaries we may have a mixture of terrestrial and marine remains, 
and of others suited especially to such situations. In respect to 
estuaries, some so gradually change into arms of the sea, to be seen 
on the large scale in the Gulf and Eiver of St. Lawrence, and other 
situations, and equally well in numerous loc^alities of far less area, 
in various parts of the world, as for instance, in the Bristol Channel 
and the Severn estuary, that no marked distinctions can be drawn 
between the one and the other. 

Viewing the coasts of the world generally, we not only have to 
regard all the modifications for the existence of marine animal life, 
arising from the more or less exposed or sheltered situations of 
headlands, bays, and other forms of shore, but also the mingling of 
fresh waters with the sea under the various circumstances con- 
nected with the drainage of the land into the sea. Let us consider 
the modifications of condition for the existence and entombment of 
marine animal life from Cape Horn to Baffin’s Bay. First, there 
is the difference of climate, producing modifications of no slight 
order, more especially in moderate depths. From Cape Horn to the 
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West India Islands, with the exception of the Straits of Magellan, 
there is an unbroken oceanic coast, subject to the action of the tides, 
upon which bodies of fresh water are tlirown by drainage clianncls 
in different places, the chief of wliicli are the Eio dc la Plata, the 
Rio de San Francisco, the Tocantins, the Amazons, and the Orinoco 
rivers, delivering the portion of rains and melted snows not taken 
up by the animal and vegetable life, or required for the adjustment 
of springs or other interior conditions of a large part of South 
America. After a line of coast little broken by rivers, we find ex- 
tensive estuary conditions at the mouth of the Plata, and not far 
beyond Lake Mirim, about 100 miles long, a body of water 
apparently cut off from the ocean by coast action, and draining 
into another lake or lagoon, Lago de los Patos, having a channel 
still open to the main sea, and about 150 miles long, with an 
extreme breadth of about 50 miles. In these two bodies of water, 
receiving the drainage of the adjoining land, there are necessarily 
modifications of the ocean conditions for life, and for the entomb- 
ment of its remains outside in the main sea. A range of' coast 
succeeds, to which comparatively small rivers discharge themselves, 
until the San Francisco presents itself, and so on afterwards until 
the mouths of the Para and Amazons join in forming (including 
between them the Island of Marajo) great estuary conditions, the 
tides being felt up the latter river, it is stated, 600 miles, so that 
there are several in the river at the same time. 

The mouths of the Orinoco present us with delta-form accu- 
mulations, and then comes the Carribbean Sea influenced by the 
ponded-back waters of the Gulf of Mexico, so that a kind of tideless 
sea shades into one where the tides are more felt. More northerly 
the Gulf stream is seen, transporting warmer waters to colder 
regions, and skirted by a shore, marked by a line of lagoons for 
above 200 miles on the coast of Florida, one of them named the 
Indian river, about 110 miles in length, with an extreme breadth 
of 6 miles ; another, the Mosquito lagoon, being about 60 miles long, 
with the like extreme breadth. Thence a much-indented shore, on 
the minor scale, continues until we come to Cape Fear (Carolina), 
where the lagoon conditions obtain, a kind of barrier, broken by 
passages termed inleti^ permitting the ingress and egress of sea 
waters. In Core, Pamlico, Albemarle, and Currituck Sounds, we 
find a great body of water of an irregular shape, measuring along 
the line of barrier separating them, except where broken by inlets 
from the ocean, about 160 miles in length. Rivers drain into this 
body of water in various directions, so that estuary conditions obtain 
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in different places, while the great barrier banks, a point of one of 
which forms Cape Hatteras, place it under a modification of the 
conditions outside in the main sea. More northward, we obtain the 
great indentation oi‘ Chesapeak Bay, with its minor breaks into the 
land, the chief* of which is the Potomac ; and then the Delaware 
Bay, with its river extending inland, the lagoon coast and its inlets 
continuing from Cape Charles (north entrance of Chesapeak Bay) 
towards the Delaware, and from near Cape Mary (Delaware Bay), 
about 85 miles to the northward. Next follows the mouth of the 
Hudson, and the modifications arising from the shelter of Long 
Island up the sound at its back, the lagoon character still apparent on 
part of its ocean coast. After shores variously indented, we reach 
the Bay of Fundy with all the modifications due to the great rise 
of tide (p. 78) at its northern extremities. This is succeeded by 
the great estuary conditions of* the St. Lawrence, and finally the 
large indentions of Baffin’s Bay and Strait and Hudson’s Bay and 
Strait, and all the other channels of the cold regions of North 
America communicating with the Atlantic Ocean. 

It is impossible, when directing our attention to this long line of 
coast, so variously modified, in character, and necessarily so different 
in climate, not to sec how very modified must also be the conditions 
for the existence of lif'e and the preservation of any of its harder 
parts. One contemporaneous coating of* sedimentary or chemically 
deposited matter must include the remains of very different creatures, 
either living upon or in the surface accumulations, as well as the 
vegetable and animal remains drifted into it from the land. The 
molluscs inhabiting the coasts of the cold regions would be expected 
to differ materially from those in the tropics, and the plants and ter- 
restrial animals and amphibious creatures of the latter would vary 
from those in the former. The organic remains buried in the deposits 
of the Gulf of Mexico, though entombed at the same time as those 
in Baffin’s Bay, could scarcely be expected to offer the same cha- 
racters. 

If, instead of the eastern coast of America, we look to the western, 
the first marked difference which presents itself* is the absence of 
great rivers up the whole of the southern Continent and the land 
connecting it with the wide-spread northern part. N umerous shel- 
tered situations are to be found amid the islands and inlets extending 
from Cape Horn to, and including the island of, Chiloe ; after which, 
for about 6000 miles of coast, to the Gulf* of California, the shores 
are little broken by indentations, except at Guayaquil and Panama, 
and do not present a single estuary of importance as on the eastern 
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side of the continent. The mixture of fi'esh water with the oceans 
on either side is very different, as are also the conditions for estuary 
life and the transport of terrestrial and fluviatile organic remains for 
entombment in the coast sedimentary accumulations. Even after 
we have passed the Gulf of California, and the Colorado delivering 
its waters at its head, there is, for about 2000 miles, from Cape 
S. Lucas to Vancouver’s Island, a slightly-indented coast and a 
minor discharge of drainage waters, with the exception of those 
delivered by the Columbia or Oregon. Subsequently more north- 
ward, for about 800 miles, islands and inlets are common, offering 
modifications for the existence of marine life, as regards shelter and 
exposure to waves produced by winds, to Sitka Island and Cross 
Sound. After wliich comes the variously-indented coast extending 
to the Aleutian Islands, and so on to Behring Straits. 

Though we have the same range through climates, the character 
of the two coasts of the American continent varies so materially 
that we can scarcely but expect very important modifications, as 
well in the life as in the physical conditions under which it is 
placed. We have not only to regard the very great difference in 
the amount of fresh waters discharged on the east and on the west, 
with its consequences, but also the ponded waters of the Mexican 
Gulf and their continuation into the Carribbean Sea, with the result, 
the Gulf Stream, on the one side and not on the other, not neglecting 
the important difference presented by the great Mediterranean Sea, 
of Hudson’s Bay and Baffin’s Bay on the east, and the kind of coast 
found on the west. To this also should be added the great barrier 
offered by America to the passage of tropical marine animals from 
one ocean to the other.* 

It may be useful to glance at the great modification of conditions 
on the western side of the Pacific. Though a great portion of the 
drainage of Asia is disposed of in other directions, the surplus 
waters of a large area still find their way to the east coast. The 

* According to M. Alcidc d’Orbigny, of 362 species of molluscs in the Atlantic and 
Great Oceans, there is only one common to both, Siplionaria Lessoni. Of these 362 
species, omitting the last, 156 belong to the Atlantic, and 205 to the Great Ocean. 
He also remarks that, if the two sides of the American continent be compared, the 
proportion, in the Atlantic, of gasteropod to lamellibranchiate molluscs, is 85 to 71, 
while in the Pacific it is 129 to 76. Of 95 genera considered to be proper to the 
shores of South America, 45 only are common to the two seas. This M. D’Orbigny 
attributes to the steep slopes of the west side, the Cordilleras rising near the coast, 
and rocks being more numerous than sandy shores, so that gasteropods wopld be 
expected to be more common, while the Atlantic coasts present mud, silt, and sand in 
great abundance, with gently-sloping shores for a large proportion of their length.— 
Recherche* sur leg lois qui President a la Distribution des Mol/usques Cotiers Marin*. 
Comptes RendueSf vol. xix. (Nov. 1844). Ann, des Sciences Naturelles, Third Series, 
vol. iii., p. 193 (1845). 
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Saghalian river throws its waters, derived from a considerable area, 
behind the island of the same name, to be driven into the Okhotsk 
Sea on the north, or the Japan Sea on the south, as the case may 
be. Both these seas are, to a certain extent, separated from the 
main ocean by the range of islands, composed of the Kourile and 
Japanese islands, extending from Kiimschatka to Corea, the Japan 
Sea especially, from the great mass of island land interposing between 
it and the Pacific, offering the character of a Mediterranean Sea. 

Proceeding southerly we arrive at the Yellow Sea, which receives 
the abundant drainage effected by the Hoang Ho and its tributaries, 
and more southerly still we find the body of fresh water discharged 
into the sea by the Yang-tse-kiang. Thence, to the south, until 
the Si-kiang with its tributaries presents itself in the Canton estuary, 
comparatively minor rivers flow into the ocean, the coast being 
much indented, smaller rivers and streams often discharging in the 
upper parts of the indentations. 

The Island of Hainan, with the great promontory stretching to 
meet it from the main Cliinese land, forms the Gulf of Tonquin, 
into which the San-koi and other rivers discharge their waters. 
The amount of fresh water poured into the sea on the eastern coast 
of Cochin China is subsequently of no great importance, and it is 
not until we arrive at the delta of the Maikiang or Camboja that 
the sea is much influenced by the influx of fresh waters, an in- 
fluence again, however, to be repeated at the head of the Gulf of 
Siam, by the outpouring of the Meinam, a river remarkably parallel 
with the Maikiang for about 700 miles, the latter holding a 
singularly straight course, as a whole, to the N.N.E., for about 1750 
miles.* The remaining portion of the Asiatic continent, formed by 
the Malayan promontory, throws no important body of fresh waters 
into the sea in the form of a main river. 

From Kamschatka nearly to the equator we thus have a con- 
tinental barrier, for the most part not wanting in the outflow of 
bodies of fresh water, suflicient to produce marked influences on 
parts of the coasts, and consequently upon the conditions under 
which animal life may exist along it, and the remains of terrestrial 
and fluviatile plants and animals be drifted outwards into any 
sedimentary or chemical deposits now forming adjoining it Minor 
parts of the ocean are also, to a certain extent, separated off by 
islands, the range of the Philippines and Borneo, in addition to 
those mentioned, tending to portion off the ocean down to the 

♦ Considering the inference to be correct, as it appears to be, that the Latohou is 
the upper part of tlie Maikiang. 
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equator, so that, as a whole, a marked modification of physical 
oonditioiis is observable on the east and west coasts of the Pacific 
Ocean. 

From the equator southward we have no longer a mass ol’ un- 
broken land on the west to compare with the continuous continent 
of America on the east. A barrier to the free passage of‘ tropical 
animal life, supposing other conditions equal, is not presented on 
the west. Although much land rises above the surface ol' the sea, 
the mass of Australia not so very materially of less area than that 
of Europe, and Borneo and Kew Guinea exposing no inconsiderable 
surfaces, there are channels of water amid them permitting tropical 
marine creatures to extend themselves under fitting circumstancea 
Though, with the exception of Australia, the various islands may 
not offer areas sufficient for the accumulation and discharge of fresh 
waters equal in one locality to some of tlie great rivers of the world, 
collectively they embody conditions for the outflow of‘ much fresh 
water around many of them, so that estuary and brackish water 
conditions obtain, and consequently physical circumstances fitted 
lor the modification of* life. So far as the eastern coast t>f Australia 
is concerned, it presents about 2000 miles of shore not more broken 
or affording more fresh water than the opposite coast of South 
America. The western part of* the Puciflc differs from the eastefn 
portion in the multitude of points and small areas tlirough whicli 
the floor of tlie ocean readies the atmosphere, productive of a com- 
bination of influences affecting animal life and the accumulation of* 
its harder remains. 

While on this subject, it may be well to cull attention to the 
material changes wliich would be efiected if, by any of those al- 
terations of the level of sea and land which the study of geology 
teaches may be reckoned by differences very far exceeding the 
depths required, channels of communication were established 
between the Atlantic and Pacific Oceans by a sufficient subsidence 
of the Isthmus of Panama, or the communication cut oft* between 
the Pacific and Indian oceans by an uprise of tlie land and sea bottom 
between Australia and the Malayan Peninsula, one stretching 
through Timor, Floris, Java, and Sumatra. If* the multitude of* 
oceanic islands in the Western Pacific did not too much break up 
currents, we may suppose a certain amount of* ponding up of waters 
inside the Moluccas, Borneo, and the Philippine Islands somewhat 
resembling that now effected behind the West India Islands, with 
perhaps also a modification of the Gulf Stream, escaping along the 
coast ol* China. Startling as, at first sight, such changes^may appear, 
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the geological student has to^ accustom himself to consider modi- 
fications in the distribution of land and water, and elevations and 
depressions of a far more extended kind when he comes to reason 
upon facts connected with the accumulation and distribution of 
mineral and organic matter constituting rocks, formed at various 
geological periods. 

In the Indian Ocean wc have shores confined to the tropical and 
temperate regions. For nearly 2000 miles the coast of Australia, 
from Cape Leeuwin to C-ape Bougainville, presents us with no 
known great river pouring out a volume of water sufficient to in- 
fluence an extended area. The same with the island range of 
Timor, Floris, Java, and Sumatra, and up the Malay Peninsula, to 
the head of‘ the Gulf of Martaban, where the Irawaddy thrusts out 
its delta and discharges a volume of* fresh water, the drainage of a 
large area. From thence to the mouths of the Ganges no important 
amount of fresh water is carried out into the sea. The great 
volume thrown into the sea by this river has been already men- 
tioned (p. 85). Hence to Cape Comorin we find rivers of varied 
magnitude, the most important of which are, proceeding south- 
wards, the Mahanuddy, Godavery, Kistna, and Coleroon, draining, 
with minor streams, the great area of Southern India. As a whole, 
the Bengal Sea and Martaban Gulf receive a considerable quantity of 
Iresli water, the discharge of which conveys a mass of detritus into the 
sea, and produces conditions in the waters and the sea bottom, which, 
beyond Cape Comorin, are not found for about 1000 miles, until 
we reach the Gulf of Cambay, into which the Nerbudda and other 
rivers discharge themselves. We find another volume of fresh 
water thrown into the sea by the Indus, still more northerly, after 
which we obtain the moderate outflow of fresh water of the coast 
of Beloochistan, the great indentation of the G ulf of Oman, and its 
continuation the Persian Gulf, the nearly-dry coast of Arabia, to 
the Arabian Gulf and its long-continued indentation, the Bed Sea. 
From Cape Guardafui to the Cape of Good Hope, for about 4400 
miles, the sea seems little influenced by any considerable discharge 
of fresh w^ater on the coast, excepting in such places as at the 
mouths of the Zamlx^si and two or three other localities. 

Looking at the Indian Ocean as a whole, any influences upon 
marine animal life from fresh waters poured into the sea, with the 
greater amount of terrestrial and fluviatile plants and animals 
drilled into the (X'can by rivers, would be chiefly found in the 
Bengal Sea (including the Martaban Gulfj and upon the north-east 
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Arctic and Antarctic regions are, as respects the present distribu- 
tion of land and sea, different. In the former, we have the de- 
livery of important rivers into the sea, an abundance of water being 
discharged during the warm season when the ice is broken up at 
their mouths, and the interior ice and snows are melting. The 
Obi and its tributaries alone drain a large Asiatic area, extending 
from lat. 47° to 67°. TheJenisei, risingfrom the Tangnou and Little 
Altai Mountains, likewise flows through 20° of latitude to 70° N., 
while the Lena and its tributaries, considered to drain 785,565 
square (English) miles, rises (in lat. 57°) from the Jablonno'i or 
Stannovdi Mountains (the eastern portion of which looks upon the 
sea of Okhotsk), delivering itself into the Arctic Ocean, in about 
lat. 73° 38' N. Other rivers, also, flow northerly for considerable 
distances from the south, such as the Dvina, Petchora, Khatanga, 
Anabara, Olia, Olenek, lana, and Kolima. In Northern America, 
also, the rivers, though not numerous, flowing northerly, still show 
a drainage extending to the south for several degrees of latitude, 
though much interrupted by lakes.* Thus the Mackenzie, deliver- 
ing itself into the Arctic Ocean in about 69° N., flows from the 
Slave Lake by an outlet in about 61° N., giving 8 degrees of lati- 
tude for this course, during which the river receives the drainage 
from the Great Bear Lake. Regarding the Slave Lake as a mere 
interruption, by which the waters are spread over a wider space in 
a depression, the waters discharging themselves by the Mackenzie 
are derived from a drainage extending over a considerable area 
(estimated at about 510,000 square miles), and reaching down to 
lat. 52^ 30' N., by means of the Slave River (running out of the 
western end of Atliabasca Lake), and the Atliabasca (flowing into 
the same lake also at its western extremity). 

In the northern parts of Europe and Asia, 3,000,000 square 
miles of which have been estimated as draining into the Arctic 
Ocean, and in some portion of North America, there are, therefore, 
conditions, particularly during the floods caused by the melting of 
the ice and snows, for thrusting forward the remains of terrestrial 
and fresh- water life into the northern seas, there to be mingled with 
detritus, upon the transport and accumulation of* which ice has an 
important influence. We should expect that amid the intermixed 
land and sea, terrestrial animals often perish while crossing among 
the ice, at times when the latter is breaking up in the channels 


* Collectively the lakcb of North America constitute a marked feature in the 
pliygical geography of that part of the world. The volume of water in the chief lakes 
has been estimated at 11,300 cubic miles. 
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and gulfs, so that their bones are, under favourable conditions, pre- 
served in any sedimentary matter accumulating beneath. No such 
conditions prevail in the southern continent, which navigators have 
lately made known to us. No great rivers there flow outwards, 
and neither terrestrial plants nor animals, directly or indirectly 
living upon them, furnish their remains for mixture with any 
sedimentary deposits which may be forming. All aid which great 
river drainages afford to the latter is cut off*, and the little detritus 
that can be obtained from the land seems only capable of being so 
derived directly in the few localities exposed to the breakers during 
the short period of the year when the shores are not bounded 
entirely by ice. For the flner matter, not ice-borne, entombing 
the remains of life, we may probably look, as affording the chief 
supply, to ashes and lapllli vomited from volcanos, and scattered 
over adjacent seas. 

Enough has been stated to show the unequal conditions as to 
climate and the mingling of fresh with sea waters along coasts. 
The observer has next to consider the varied character of the shores 
tliemselves as regards the shallowness or depth of* the adjacent 
seas, and the modifications of temperature, pressure, access of light, 
and conditions of intermixed air thence arising. It has been above 
seen (p. 96), that the volume of ocean is so an'anged as to the 
specific gravities of its waters, that an equal temperature, con- 
sidered to be 39^ 5', reigns in the sufficiently deep parts from pole 
to pole, water of* higher temperature rising above tliese more dense 
waters in tropical regions, and of a lower temperature towards the 
poles. Though this even temperature may prevail at the proper 
depths, it is necessarily modified as the seas become sliallow, or 
currents may transport warmer or colder waters, as the case may 
be, from one oceanic area to another. As the coasts are approached 
in the parts of the world where warmer waters float above those 
of 39'* 5', we have conditions under which the temperature 
decreases downwards below the level of the sea to 7200 feet, and 
upwards in the air to the greatest heights of land. Viewing the 
subject generally, therefore, and as far as temperature is concerned, 
marine animals which could support a decrease of temperature 
equal to about 39^ 5' (the surface temperature being taken at 78®), 
could live from the level of the sea to the greatest depths in the 
equatorial ocean.* A higher temperature may be found under 
favourable conditions of shallow water and small tides in some 


*** It will be at once obvious that this difference of temperature is easily sustained 
by many land animals in different parts of the world. 



142 PRESERVATION OF ORGANIC REMAINS [Cn. IX. 

tropical r^ons. In the polar areas, included within the belts of* 
equal temperatures from the surface to the bottom of the sea, and 
within which colder waters, as a whole, float above those of 39® 5', 
there is a different state of things. Still regarding the subject 
merely with respect to temperature, the animals capable of living 
in the tropical regions, and unable to support lower temperatures 
than 39® 5', could not occupy the higher waters. 

While in the equatorial parts of the world the temperature of the 
ocean may not be very materially altered on its surface, it is dif- 
ferent with those portions of its higher waters exposed to the 
clianges of winter and summer, so that the temperature of the 
surface waters is there more considerably modified, especially upon 
coasts. The animals living in the shallow waters of such regions 
are, therefore, liable to an amount of difference in temperature not 
experienc^ed by tliose inhabiting the seas of the tropics. This is 
more particularly the case on the shores of tidal seas, with their 
estuaries, where, even at high water, large tracts of coasts may 
only be covered by shallow waters, becoming dry at low tide. 

As regards mere temperature, it will be apparent that a vast 
volume of the southern ocean might be tenanted by similar life, 
extended over its floor at any depths from about 7200 feet at the 
equator, 3600 in lat. 45® S., the surface in 54® to 58® S., and 
4500 feet in lat. 70® S. ; and, probably, under the needful modifi- 
cations, considering the different distribution of land and water on 
the south and on the north, in a similar manner towards the 
northern regions. Modifications, also, arising in the various seas 
communicating with the main ocean, and more or less separated 
from it, such as the Mediterranean, in the western part of which the 
waters beneath 200 fathoms have been supposed to remain at about 
a temperature of 55®,* must also be borne in mind. 

With diflferences of depth, the observer has to consider the dif- 
ferences of pressure to which any animal or vegetable living in the 
sea would have to be subjected, so that such life would be very 
differently circumstanced, though under equal temperatures, at the 
depth of 7200 feet at the equator, and in the shallow waters of the 

* M. Berard found, at a depth of 1200 fathoms (without rcachinf^ bottom), between 
the Balearic Islands, a temperature of 53^*4, the surface water being at 69^*8, and 
the air at 75^^* 2. From other observations in the western part of the Mediterranean, 
at the respective depths of 600 and 750 fathoms, and another not stated, it was found 
that the water was still at 55^*4, though the temperature of the surface water varied 
materially. M. D*[Jrville remarks that these experiments accord with some made 
by himself, also in the Mediterranean, at 300, 200, 250, 600, and 300 fathoms, when 
he obtained the respective temperatures of 54®* 5, 54®* 1, .57^^* 3, r>4®*6, and 54®*8 
-^Geological Manual^ 3rd edit., p. 25. 
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oceanic regions where that of 39® 5' rises to the surface. We 
cannot suppose an animal so constructed as to sustain a pressure of 
more than 200 atmospheres at one time, and of 2 or 3 atmospheres 
at another. A creature inhabiting a depth of 100 feet would 
sustain a pressure, including that of the atmosphere, of about 60 
pounds to the square inch, while one at 4000 feet, no very im- 
portant depth, would have to support a pressure of about 1830 
pounds to the square inch. 

Animals, among other conditions for their existence, are adapted 
to a given pressure, or certain ranges of pressure, so adjusted that 
they can move freely in the medium, either gaseous or aqueous, in 
which they live. All their delicate vessels, and the powers of their 
muscle are adjusted to it. When the pressure becomes either too 
little or too great, the creature perishes ; and, therefore, when act- 
ing freely in such a medium as the sea, an animal will not readily 
quit the depths in which it experiences ease. All are aware of the 
adjustment of an abundance of fish to the depths, to or from which 
they may frequently descend, by means of the apparatus of swim- 
ming bladders. This arrangement, however, only changes their 
specific gravities as a whole, the relative volume occupied by the 
air or gases in the swimming bladders, being the chief cause of 
difference, though, no doubt, also tlie squeezing process at great 
depths would diminish the v'olume of such other parts of their 
bodies, as were in any manner compressible, the reverse happening 
with a rise from deep waters to near the surface. So adjusted to 
given depths do these swimming bladders appear for each kind of 
fish, that it has been observed that the gas or air in the swimming 
bladders of fish brought up from a depth of about 3300 feet (under 
a pressure of about 100 atmospheres), increased so considerably in 
volume, as to force the swimming bladder, stomach, and other 
adjoining parts outside the throat in a bdloon-formed mass.* 


* Pouillet, Elemens de Physique Experimentale, tom. i., p. 188. Scconde Edition. • 
As regards the pressure and different depths in the sea, Dr. Buckland mentions 
(Bridgewater Treatise, vol. i , p. 345) that “ Captain Smyth, U.N., found, on two triads, 
that the cylindrical copper air-tube, under the vane attached to Massey’s patent log, 
collapsed, and was crushed quite flat, under the pressure of about 3(10 fathoms (18(K) 
feet). A claret bottle, fllled with air, and well corked, was burst before it descended 
400 fathoms (2400 feet). He also found that a bottle filled with fresh water, and 
corked, had the cork forced in at about 180 fathoms (1080 feet). In such cases the 
fluid sent down was replaced by salt water, and tlie cork which had been forced in 
was sometimes reversed.” Dr. Buckland adds that Sir Francis Beaufort had informed 
him that he had frequently sunk corked bottles in the sea more than 6(K) feet deep, 
some of them empty, others containing some fluid. “ The empty bottles were some- 
times crushed, at others the cork was forced in, and the fluid exchanged for sea w'ater. 
The cork was always returned to the neck of the bottle, sometimes, but not always, in 
an Inverted position.” Dr. Scoresby (Arctic Regions, vol. ii., p. 193) gives an account 
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While thus some kinds of marine animals have the power to 
adjust their specific gravities to the medium in which they may be 
placed, some molluscs, such as the nautilus, possessing it, others 
appear unable, under ordinary conditions, to raise themselves much 
above the sea bottom. It will be evident that the more their com- 
ponent parts are incompressible, and the fluids in them agree with 
the specific gravity of the sea in wliich they live (and the specific 
gravity of the sea does not appear to vary from any increase of 
saline matters in it to great depths, though water behig slightly 
compressible, it will become more dense according to depth), the 
less they would experience the difficulties of a change of* depth. 
On the contrary, the more any parts may be compressible, and air 
or gaseous matter be included in their bodies, the less would they 
sufier changes of depth with impunity. 

That light should have its effect upon marine as upon terrestrial 
vegetation we should expect, the light of day being important as 
well to one as the other, viewing the subject as a whole. It would 
evidently, also, be important to all marine creatures possessing tlie 
organs of vision, so that we should anticipate tliat the great mass 
of fish, crustaceans and molluscs which possessed eyes, would 
occupy situations and levels in the sea where they could obtain the 
light needful to them. The Poniatomm Telescopium^ caught at 
considerable depths in the Mediterranean (near Jsicc), is considered 
to afford an example of adjustment to the minor amount of light 
reaching its ordinary abode, its eyes being remarkable for their 
magnitude, and apparently constructed to take advantage of all the 
rays which can penetrate the depths at which it lives. While, 
however, light may be absrdutely needed lor the existence of some 
marine life, it is not obviously necessary to others, those not possess- 
ing eyes. Many marine creatures seem to flourish under conditions 
in which it can be of little value, at the same time the influence of 
light may often be of importance where it is not suspected. 

It is not improbable that to the power of obtaining a proper 
amount of disseminated atmospheric air in waters, we may look for 
a veiy important element in the existence of animal and, indeed, 
of vegetable life in the sea. To the one and the other oxygen 
seems essential. At the junction of the sea and atmosphere, we 
have the best conditions for the absorption of* the air by water, the 
agitation of the surface from the friction of the atmosphere on the 
sea, particularly during heavy gales of wind, being especially 

of a boat pulled down to a considerable depth by a whale, after which the wood be- 
came too heavy to float, the aea water having forced iitelf into its poreu. 
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favourable for a mcclianical mixture of the two, assisting the ab- 
sorption of the air.* Of the amount of air, or rather of the ap- 
parently needful clement, oxygen, at various depths in the sea, we 
seem to possess no very definite information, so that researclies on 
this head are very desirable. From observations by M. Biot, on 
the gaseous contents of the swimming-bladders of fish, it has been 
inferred that such contents probably vary according to the depths 
at which such fish live. He found these swimming bladders nearly 
filled with pure nitrogen when they were those of fish inhabiting 
shallow waters, and with oxygen and nitrogen, in the proportion 
of of the former to of the latter, when those of fish lin ing at 
depths of from 3000 to 3500 feet. 

According to M. Aime, the amount of air disseminated in the 
waters of the Mediterranean, opposite Algiers, is nearly constant 
from tlie surface to the depth of 5250 feet.t 

We might assume that, from its inimidiate contact with the air, 
surface waters would more readily obtain any needful dissemination 
of* it tlian tliose situated at greater depths, so that the mode of 
consuming oxygen would be adjusted to such conditions, animal 
life inhabiting great depths beung so formed as to require it at con- 
siderable Intervals. In tidal seas we find certain molluscs adjusted 
to live in situations exposed to the atmosphere during tlie fall of 
every tide, whik* ollicrs inliabit places always covered by sea, except, 
perhaps, at equinoxial spring tides. From inliablting shores some 
molluscs are commonly considered as littoral species, while others 
arc well known as rarely obtained except in deep waters. 

Althougli general views may have been some time entertained 
with respect to the modification of marine life, depending upon the 
temperature, pressure, light, and ability to procure oxygen under 
which it may be placed, J it could scarcely be said that we had 
sufficient data for the philosophical consideration of* this subject 
until the labours of Professor Edward Forbes in tlie British and 
A^^gean Seas supplied the necessary information. 

Professor E. Forbes pointed out that with regard to primary 


• The friction of air upon fresh-water lakes produces the same result, inter- 
mingling the air and water. Cascades and waterfalls intermix them in many 
rivers, those especially in which fish swimming high, or inhabiting minor depths, most 
flourish. 

t Comptes Rendue de 1’ Academic dcs Sciences, 1843, vol. xvi., p. 74 !. 
t The author entered somewhat at length on this subject, in 1834, in his Researches 
in Theoretical Geology, chapters xi., xii., and xiii. To this work a table was appended 
by Mr. Broilerip, containing all the in^rmation then known respecting the depths 
and kind of bottom at which recent genera of marine and estuary shells had been 
observed. 

L 



146 


PRESERVATION OF ORGANIC REMAINS 


[Cn. IX. 


influences, the climate of the Eastern Mediterranean was uniform, 
and that the absence of certain species in the .fflgean Sea, charac- 
teristic of the Western Mediterranean, was rather due to a modi- 
fication in the composition of the sea water, from the impouring of 
the less saline waters of the Black Sea, than to climate.* The 
influx of river water produces its consequences ; and it is remarked 
that, among 46 species of testacea collected on the shore at 
Alexandria, there were 4 land and fresh-water molluscs, 3 of which 
are of truly subtropical forms, f so that while in one part of the 
Mediterranean forms of this character are mingled with the ordinary 
marine testacea, in another, as at Smyrna or Toulon, the Melanopsis 
is mixed with them near the former, and characteristic European 
pulmonifera near the latter. It is also shown by Professor E. Forbes, 
that while vegetables of a subtropical character may be borne down 
by the Nile, into the Mediterranean on the one side, accompanying 
the remains of crocodiles and ichneumons, the Danube may transport 
parts of the vegetation of the Austrian Alps, with the relics ol’ 
marmots and mountain salamanders, the marine remains mingled 
with these contemporaneous deposits retaining a common character. 

Witli respect to modifications in conditions arising from deptli. 
Professor E. Fortes divides the Eastern Mediterranean into eight, 
regions, each considered to be characterised by its fauna, and also 
by its plants, where they exist. Certain species were found con- 
fined to one region, and several were ascertained not to range into 
the next above, whilst they extended into that beneath. Certain 
species,” he adds, “ have their maximum of development in eacli 
zone, being most prolific of individuals in that zone in which is 
their maximum, and of which they may be regarded as especially 
characteristic. Mingled with the true natives of every zone are 
stragglers, owing their presence to the action of the secondary in- 
fluences which modify distribution. Every zone lias also a more or 
less general mineral character, the sea bottom not being equally 
variable in each, and becoming more and more unifbnn as we 
descend. The deeper zones are greatest in extent ; so that whilst the 

* lie attributes to this cause the dwarfish character of the molluscs, with few ex- 
ceptions, when compared with their analogues in the W^estern Mediterranean. “ This 
is seen most remarkably in some of the more abundant species, such as Pecten oper- 
cular Venerupis irus^ Venus fuse iota, Cardita trapezia^ Modiola barbata^ and the 
various kinds of Bulla^ Rissoa^ Fusus^ and PleuroUnna^ all of which seemed as if they 
were but miniature representations of their more western brethren. To the same 
cause may probably be attributed the paucity of Medusce^ and of corals and corallines. 
Sponges only seem to gain by it.” — Report of the British Association, vol. xii., p. 152, 
(Meeting of 1843). 

t Ampullar ia m-aia^ Paludina unicolar, and Cyrenn arientaUs. 
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first, or most superficial, is but 12, the eighth, or lowest, is above 
700 feet in perpendicular range.”* 

While tracing the first region or littoral zone, which is thus 
limited to 12 feet, all the modifications arising from kind of bottom, 
rock, sand, or mud, are shown to have their influences, and the 
effects of wave action, bringing up the exuviae of animals inhabiting 
the next region beneath, are pointed out. The second region is 
estimated at 48 feet, ranging from 2 to 10 fathoms ; the third at 60 
feet, between the levels of 10 to 20 fathoms; the fourth at 90 feet 
(20 to 35 fathoms); the fifth at 120 feet (35 to 55 fathoms ); 
the sixth at 144 feet (55 to 79 fathoms); the seventh at 150 
feet (80 to 105 fathoms) ; and tlie eighth, all explored below 
105 fathoms, amounting to 750 feet, more than twice the depth of 
all the other regions taken together, the total depth amounting to 
1380 feet. 

So complete are the modifications in invertebrate life, produced 
by the conditions in these various zones or regions, that only two 
species of molluscs were found common to the whole eight — viz.. 
Area lactea and Cerithium lima, “ the former a true native from 
first to last, the latter probably only a straggler in the lowest.” 
Three species were found common to seven regions ;t nine to six 
regions and seventeen to five regions. § With regard to geo- 
graphic distribution and vertical range in depth. Professor E. 
Forbes remarks that those species which possess the one exhibit tlie 
other, more than one-half of those having an extensive range in 
depth, extending to distant localities, in nearly every case to the 
British seas, some still further north, and some in the Atlantic, far 
south of' the Straits of Gibraltar. He concludes ‘ " that the extent 


* British Association Ueports, vol. xii., p. 154. 
f Nucula margaritavea^ Margbiella clundestina^ and 
second considered to have possibly dropped into the 
sea-weeds. 


Dfntalhtm 9-costatftn ; the 
lower zones from floating? 


, Corbula nucleus. 
Neara cuspidata. 
Pandora obtusa. 
Venus npicalis. 

Netera costellafa. 
Tellina pulchella. 
Venus ovata. 
Cardita squamosa. 
Area tetragona. 
Pecten polgmorphn. 

hyalinvs. 

varius. 


Turritella ^plicnta. 
Tr if or is advers:um. 
Columhella liniuvt. 
Cardita trapezia. 
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I Crania ringens. 
Natica pulchella, 
Pissoa ventrk'osa. 

cimicoides. 

reticulata. 

Prochus exigiius. 
Columl)€lla rvstica. 
Conus mediicrranevs. 
Tcrebratula detruncafa. 
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of the range of a species in depth is correspondent with its geo- 
graphical distribution.”* 

As regards the influence of light, Professor E. Forbes presents 
us with facts connected with the molluscs and other animals, 
deserving much attention and extended research, due allowances 
being made for the modifications produced, as he points out, and to 
be attributed in many cases to an abundance of nullipores, and to 
a beautkul pea-green sea-weed, Caulerpa proUfera. The majority 
of shells in the lower zone were found to be white, or, when tinted, 
of a rose colour, few exhibiting any other hues. In the higher zones, 
the shells, in a great many instances, exhibited bright combinations 
of colour. The animals also of the testacca and radiata, in the 
higher zones, were much more brilliantly coloured than iu the lower, 
where they are usually white, whatever the colour of the shell may 
be.t 

The researches of Professor E. Forbes have led him not only to 
attach great value to the bottom in or on which marine animals may 
live (and it will be obvious that creatures whose habits may be 
suited to mud would find themselves ill at ease upon rocky ground 
alone), but also to point out the eflects produced by the accumula- 
tion of the Imrder parts ol‘ successive generations of marine animals 

* Reports of British Association, vol. xii., p. 171. 

“If.” observes the Professor, “we inquire into the species of Mollusca which are 
common to four out of the eight ^gean regions in depth, we find that there are 38 
such, 21 of which are either British or Biscayan, and 2 are doubtfully British ; whilst 
of the remaining l.i, 6 are distinctly represented by corresponding species in the north. 
Thus among the Testacea having the widest range in depth, one-third are Celtic or 
nortliern forms : whilst out of the remainder of iEgeaii Testacea. those ranging through 
less than four regions, only a little above a fifth ere common to the British sens. One 
half of the Celtic forms in the ^gean, which are not common to four or more zones in 
depth, are among the co6moiK)litan Testacca, inhabiting tlie uppermost part of the 
littoral zone.” 

t Professor E. Forbes adds, “ In the seventh region, white species (of Testacea) are 
also very abundant, though by no means forming a proportion so great as in the eighth. 
Brownisli-red, the prevalent hue of the Brachiopoda, also gives a character of colour 
to the fauna of this zone; the Crustacea found in it are red. In the sixth zone, the 
colours become brighter, reds and yellows prevailing, generally, however, uniformly 
colouring the shell. In the fifth region, many species are banded or clouded with 
vaiious combinations of colours, and the number of white species has greatly 
diminished. In the fourth, purple hues are frequent, and contrasts of colour common. 
In the second and third, green and blue tints are met with, sometimes very vivid, but 
the gayest combinations of colour are seen in the littoral zone, as well as the most 
brilliant whites.” 

Bespecting tlie colour of the animals of Testacea, the genus TrochvB is selected as 
“ an example of a group of forms mostly presenting the most brilliant hues both of shell 
and animal; but whilst the animals of such species as inhabit the littoral zone are 
gaily chequered with many vivid hues, those of the greater depth, though their shells 
are almost as brightly coloured as the covering of their allies nearer the surface, have 
their animals for the most part of an uniform yellow or reddish hue or else entirely 
wlii tc." Rcpoils Ihii Assoc., vol. xii., p. 173. 
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upon the same bottom, thus, in fact, altering its condition, so that 
they may die out from this increase.* He considers that until the 
old conditions be restored by a new accumulation of detrital matter 
different from that presented by the animal exuviae, the same 
animals would not find the kind of bottom suited to them ; and the 
geological bearing of this view is shown to be illustrated by the 
bands or layers of fossils so frequently found interstratified with 
common sedimentary matter.f In conclusion, Professor E. Forbes 
adverts to the evidences of* the existing fauna of the -dCgeah which 
would be presented if its bottom were elevated into dry land, or the 
sea filled up by sedimentary deposits. While the remains of some 
animals would afford the needful evidence of their existence, and 
occur under circumstances whence the probable depths at which 
they lived might be inferred : of other anmals, very abundant in 
the present seas, no trace would be fbund.t 

While Professor E. Forbes was thus investigating the conditions 
under which marine life existed in the Eastern Mediterranean, 
it fortunately so happened that Professor Loven was engaged in re- 
searches leading to general and similar conclusions respecting the 
modifications in marine life on the coast of Norway. Though both 
localities are so far similar that the shores are for the most part 
rocky, and deep water to be often obtained near the coast, they 
differ as to climate, and as to the sea being tideless in the Eastern 


♦ He illustrates this point by beds of scallops (Perten opercularis), or of oysters, 
which, when considerably increased, give rise to a change of ground, by the accumu- 
lation of their shells, so that the race dies out, and the shelly bottom becomes covered 
over by sedimentary matter. — Edmhvrgh New Phil. Journal, vol. xxxvi., p. 324. 

t In his paper on the light thrown on Geology by Submarine Researches, being the 
substance of a communication made to the Royal Institution of Great Britain, on the 
23rd February, 1844 (Edinburgh New Phil. Journal, vol. xxxvi., p. 318, 1844), Pro- 
fessor E. Forbes, while remarking on all varieties of sea bottom not being equally 
capable of sustaining animal and vegetable life, observes, “ In all the zones of depth, 
there are occasionally more or less desert tracks, usually of sand or mud. The few 
animals which frequent such tracks are mostly soft and unpreservable. In some 
muddy and sandy districts, however, worms are very numerous ; and to such places 
many fishes resort for food. The scarcity of remains of testacea in sandstones, the 
tracks of worms on ripple-marked sandstones, which have evidently been deposited in a 
shallow sea, and the fish remains often found in such rocks, arc explained in a great 
measure by these facts.” 

X The following are the inferences on this head, inferences extremely valuable re- 
specting the animal life existing at different geological periods ~ 

“1. Of the higher animals, the marine Vertebrata, the remains would be scanty and 
widely scattered.” 

“ 2. Of the liighest tribe of Mollusca, the Cepholopoda, which though poor in species 
is rich in individuals, there would be but few traces, saving of the Sepia, the shell 
of which would be found in the sandy strata forming parts of the coast lines of the 
elevated sea-bed.” 

3. Of the Nudibranchous Mollusca there would not, in all probability, be a trace 
to assure us of their having been ; and thus, though we have every reason to suppose 
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Mediterranean and oceanic oiF Norway. While adverting to the 
modifications of life at difierent depths. Professor Loven attributes 
much of the character of the submarine life off the coasts of Norway 


fVom analogy that those beautiful and highly-characteristic animals lived in the tertiary 
periods of the earth’s history, if not in older ages, as M’ell as now, there is not the 
slightest remain to tell of their former existence." 

“4. Of the Pteropoda and Nucleobranchiata, the shell-less tribes w’ould be equally 
lost with the Nudibranchiata, whilst of the shelled species w e should find their remains 
in immense quantity, characteristic of the soft chalky deposits derived from the low'est 
of our regions of depth.” 

** 5. The Brachiopoda we should find in deeply-buried beds of nullipore and gravel, 
and from their abundance we could at once predict the depth in w'hich those beds were 
formed.” 

“ 6. The Lamellibranchiate mollusca w'e should find most abundant in the soft clays 
and muds, in such deposits generally presenting both valves in their natural positions, 
whilst such species as live on gravelly and open bottoms would be found mostly in the 
state of single valves.” 

“ 7. The testaceous Gasteropoda would be found in all formations, but more abundant 
in gravelly than in muddy deposits. In any inferences we might wish to draw regard- 
ing the northern or southern character of the fauna, or on the climate under which it 
existed, w’hether from univalves or bivalves, our conclusions would vary according to 
the depth in which the particular stratum examined was found, and on the class of 
mollusca w’hich prevailed in the locality explored.” 

“ 8. The Chitons would be found only in the state of single valves, and probably 
but rarely, for such species as are abundant, living among disjointed masses of rock and 
rolled pebbles, w’hich w'ould afterwards go to form conglomerate, w ould in all proba- 
bility be destroyed, as w'ould also be the case with the greater number of sublittoral 
Mollusca.” 

“ 9. The Mollusca tunicata would disappear altogether, though now forming an im- 
portant link between the Mediterranean and more northern seas.” 

“ 10. Of the Arachnodermatous Radiata, there w ould not be found a trace, unless the 
membranous skeleton of the Velella should, under some peculiarly favourable circum- 
stances, be preserved in sand.” 

“11. Of the Echinodermata, certain species of Echinus would be found entire; 
species of Cidaris, on account of the depth at which that animal lives, would not be 
unfrequent in certain strata, as the region in which it is found bounds the great lower- 
most region of chalky mud ; the spines would be found occasionally in that deposit, 
far removed from the bodies to which they belonged, Starfishes, saving such as live 
on mud or sand, would be only evidenced by the occasional preservation of their os- 
sicula. Of the extent of their distribution and number of species no correct idea could 
be formed. Of the numerous Holothuriada: and Sipunculida^ it is to be feared there 
would be no traces. The single Crinoidal animal would be easily preserved entire, but 
its ossicula and cup-like base would be found in the more shelly deposits.” 

“12. Of the Zoophyta, the corneous species might leave impressions resembling 
those of Graptolites in the shales formed from the dark muds on which they live. 
The Corals would be few, but perhaps plentiful in the shelly beds, mostly, however, 
fragmentary. The Cladocora ccsspitosa^ where present, would infallibly mark the 
bounds of the sea, and, from the size of its masses, might be preserved in con- 
glomerates where the testacca would have perished. The Actinice would have dis- 
appeared altogether.” 

“ IS. Of the sponges, traces might be found of the more silicious species when buried 
under favourable circumstances.” 

“ 14. The Articulata, except the shelled annelides, would be for the most part in a 
fragmentary state.” 

“ Foraminifera would be found in all deposits, their miuutencsB being their pro- 
tection ; but Uiey would occur most abundantly in the highest and lowest beds, distinct 
species being characteristic of each.” 
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to variations in the sea-bottom, always, however, making allowances 
for the depth,* thus agreeing with the general views of Professor 
Forbes. 

While marine life is thus found adjusted to different zones of 
depth on the ocean shores of Norway and the east part of the 
Mediterranean, always carefully considering the local arid physical 
conditions, it becomes the more interesting to have direct evidence 
of the adjustments which may be effected on the great and gentle 
slopes bounding some coasts, such as those so important on the 
eastern coasts of America. Respecting these great detrital fringes off 
coasts, among which may be classed, though very small, com- 
paratively, the shallow seas around the British Islands, the area of 

“ 16. Tracts would be found almost entirely deficient in fossils, some, such as the 
mud of the Gulf of Smyrna, containing but few and scattered ; whilst similar muds in 
other localities would abound in organic contents. On sandy deposits, formed at any 
considerable depth, they would be very scarce and often altogether absent. Fossili- 
ferous strata would generally alternate with such as contain few or no organic re- 
mains. Whilst at present the littoral zone presents the greatest number and variety 
of animal and vegetable inhabitants, including those most characteristic of the Medi- 
terranean Sea, when upheaved and consolidated, their remains would probably be im- 
perfect as compared with those of the natives of deeper regions, in consequence of 
the vicissitudes to which they are exposed, and the rocky and conglomeratic strata in 
which the greater number would be embedded. A great part of the conglomerates 
and sandstones found would present no traces of animal life, which would be most 
abundant in the shales and calcareous consolidated muds.*’ — Prof. E. Forbes’ Reports, 
Brit. Association, vol. xii., p. 176. 

* Professor Lbven observes, As to the regions, the littoral and laminarian are 
very well defined everywhere, and their characteristic species do not spread very 
far out of them. The same is the case with the florideous Algse, which is most 
developed nearer to the open sea. But it is not so with the regions from 15 to 100 
fathoms (90 to 600 feet). Here there is at the same time the greatest number of 
species, and the greatest variety of their local assemblages ; and it appears to me, 
that their distribution is regulated, not only by depths, currents, &c., but by the 
nature of the bottom itself, the mixture of clay, mud, pebbles, &c. Thus, for instance, 
the many species of Amphidesma, Nucula, Natica, Eulimss Dentalium, &c., which 
are characteristic of a certain muddy ground at 15 to 20 fathoms, are found together 
at 80 to 100 fathoms. Hence it appears, that the species in this region have generally 
a wider vertical range than the littoral, laminarian, and perhaps as great as the deep- 
sea coral. The last-named region is with us characterised, in the south, by Oculina 
ramea and Terebratula, and in the north, by Astrophyton, Cidaris, ^mtangus pur- 
pureus of an immense size, all living, besides Gorgoni® and the gigantic Alcyonium 
arhorcum, which continues as far down as any fisherman’s line can be sunk. As to 
the point where animal life ceases, it must be somewhere ; but with us it is unknown. 
As the vegetation ceases, at a line far above the deepest regions of animal life, of 
course the zoophagous mollusca are altogether predominant in these parts, while the 
phytophagous are more peculiar to the upper regions. The observation of Professor 
E. Forbes, that British species are found in the Mediterranean, but only at greater 
depths, corresponds exactly with what has occurred to me. In Bohuslan (between 
Gottenburg and Norway), we found, at 80 fathoms, species which, in Finmark (on 
the north), may be readily collected at 20, and on the last-named coast, some species 
even ascend into the littoral region, which, with us here on the south, keep within 10 
to 11 fathoms.” — On the Bathymetrical distribution of submarine life on the northern 
shores of Scand/notJed.— British Association Reports, Notices, and Abstracts, vol. xiii. 
p. 50. 
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which inside depths, not exceeding 600 feet, will be seen by 
reference to fig. 65 (p. 91 ), we should anticipate disturbing con- 
ditions much affecting the distribution of some portion of the marine 
life upon them. With regard to a knowledge of the distribution of‘ 
marine life in the British seas, we are indebted to the researches of* * * § 
Professor E. Forbes, commenced anterior to those undertaken in the 
-dEgean Sea.* It was >vhile prosecuting these researches that he 
ascertained the value in these investigations of the power of mollusca 
to migrate-t He has pointed out that they do so in their larva 
state, ceasing “ to exist at a certain period of metamorphosis, if* they 
do not meet with favourable conditions for their development, L c., 
if* they do not reach the particular zone of depth in which they are 
adapted to live as perfect anlmals.’^J 

Professor E. Forbes divides tlie British seas into four zones of* 
depth: 1, the Littoral; 2, the Laminarian; 13, the Coralline; ami, 
4, the Coral.§ The littoral zone lies between high and low water 
mark, varying in extent according to the rise and fall of tide, and 
the shallowness or deptli of the shore. Tliroughout Europe, 
wherever it consists of roelc, it is characterized zoologically, by spe- 
cies of Littorina ; botanically, by CoralUna ; where mndy, by the 
presence of certain species of Carditim, Tellma, and Solen ; where 
yravelly, by Mytilus ; where muddy ^ by Lutraria and Pullastra,"" 
The littoral is divisible into minor zones. || The Laminarian zone 
is the belt commencing at low- water mark, and extending to the 
depth of 7 to 15 fathoms (42 to 90 feet). Algae are common, and 
numerous animals inhabit the forests composed of them. ‘‘Among 

* The first notice of them was published in the Edinburgh Academic Annual for 
1810. 

t In 1840, he gave a summary of seven years’ observations at a particular season of 
the year.— Annals of Natural History, vol. iv. 

I Edinburgh New' Phil. Journal, vol. xxxvi., p. 325, 1844, Speaking of the maimer 
in which the larvae and eggs may be transported, it is observed that “ if they (the 
larvae) reach the region and ground of which the perfect animal is a member, then 
they develop and flourish ; but if the period of their development arrives before 
they have reached their destination, they perish, and their fragile shells sink into 
the depths of the sea. Millions and millions must thus perish, and every handful of 
the fine mud brought up from the eighth zone depth in the Mediterranean, is literally 
filled with hundreds of these curious exuviae of the larvae of mollusca.” 

§ These zones, originally pointed out in 1840, are considered to have been esta- 
blished by subsequent researches (Memoirs of the Geological Survey of Great Britain, 
vol. i., p. 371, 1846). Professor Forbes remarks that the two first regions had been 
previously noticed by Lamnuroux, in his account of the- vertical distribution ot^sca 
weeds ; by Audouin and Milne Edwards in their observations on the natural history 
of the coast of France ; and by Sars, in the preface to his Bagtivelser og Jagtivelser. 

ji A table of the characteristic animals and plants, of four sub-zones, is given in 
Professor Forbes’ Memoir on the Geological Relations of the existing Fauna and 
Flora of the British Isles. — Memoirs of the Ceological Sun-py of Grfol Britain, vol, i., 
p. 373. 
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the mollusca, the genera Lacuna and Rmoa, the Patella 'pelluclda 
and Icevia, PulloBtra perforans and vulgaris^ and various Modiolce 
are especially characteristic of this zone, and numerous zoophytes 
and Radtata, especially Echinm ephccra, Tuhularia^ Actinea 
senilis, though ranging both higher and lower, are more prolific 
here than in any of the other regions.” Lastly comes the Nullipora, 
bounding the marine vegetation in depth, and rarely ranging down 
to more than 120 feet in our seas * 

The region of corallines is so termed from the greatest abundance 
ol‘ corneous zoophytes, which appear to take the place of plants, 
being found in it. The carnivorous mollusca are abundant, species 
of FvsufSj Pleurotoma, and Buccinum arc common, and many 
species of Trochiis are found ; Naticce, Fissurellce, Emarginulce, 
Velutince, Capulus, Eulimce, and Chemnitzice are abundant ; and 
among bivalves, Artemis, Ventes, Astarte, Peeten, Lima, Area, and 
Nucula, “Numerous and peculiar Radiata, including the largest 
and most remarkable species, abound, and for number, variety, and 
interest of the forms of animal life in the British seas, this region 
transcends all others.”! This zone extends from about 90 to 
about 300 feet, its greatest development being between 150 and 
210 feet. 

Tlie fourth region is that of deep-sea corals, and is local. The 
greater part of the area of the British seas does not attain tlic 
depth at which this zone commences. Professor E. Forbes con- 
siders this region as hitherto but very partially explored. “As 
far as we know,” he observes, “ it is well characterized by the 
abundance of the stronger corals, the presence in quantity of 
species of the Z^c/ifa/mw-like genus of Annelides, called Ditrupa, 
by a few peculiar Mollusca, and by peculiar Echinodermata, as 
Astrophyton and Cidaris, and Amorphozoa, as Tethya cranium. 
All our British Brachiopoda inhabit this zone, and probably range 
throughout it.”! 

♦Professor E. Forbes points out, that the Nullipora like'wisc bounds marine 
vegetable life in the Mediterranean, where it descends to 420 and 480 feet. With 
respect to the depths to which marine vegetable life extends, he remarks, that it does 
so further than is commonly supposed, stating that in the I'-astern Mediterranean, 
Codium flabelliforme is found at 30 fathoms, Microdictyon at 30 fathoms, Rityphlaa 
tinctorea at 50 fathoms, Chrysymmia uvaria at 50 fathoms, JDictyomenia volubilis at 50 
fathoms, Constantinea renifm-mis at .50 fathoms, and Nullipora poiymorpha at 95 fathoms, 
(570 feet). 

f Forbes, Mem. Geol. Survey of Great Britain, vol. i., p. 374. 

j Professor E. Forbes remarks respecting the Brachiopoda, that when found, in 
certain localities, in more shallow water among the corallines, there are reasons for 
believing that their occurrence there may be explained by geological changes affect- 
ing the conditions of the sea bottom. [We 
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The advance thus made will be sufficient to stimulate other 
observers, so that at no very distant period a valuable mass of 
evidence may be anticipated.* Probably the general views, 
based on the local investigations above noticed, may be found 
capable of extensive application. However this may be, it can 
scarcely but happen that an accumulation of additional data 
would most materially aid the progress of the geological inferences 
to be deduced from the mode of occurrence of organic remains in 
rocks. 

With respect to the littoral zone, that most influenced by 
climate, while in tideless seas or those where tides are of little 
consequence, the marine animals inhabiting it are under con- 
ditions of slight change, as regards the vertical rise and fall of 
water; in tidal seas the case is difierent. In tidal seas many 
littoral molluscs are exposed to atmospheric influences for different 
periods, those near high-water mark the longest ; so that while the 
latter may remain uncovered by water six or eight hours at a 
time, those nearer low- water mark may be so for only an hour or 
two, some merely for a short time at spring tides. Neap tides 
also leave a belt surrounding land, the higher part of which is only 
covered by water for a few days at a time, and then only at spring 
tides. It thus happens that while in the tropics the littoral zone 
may not be imder very material changes of temperature during 
the year, this condition, looking at the subject as a whole, gradu- 
ally shades off* on either side towards the polar regions, where the 
water becomes solid along shore for part of the year, and the coasts 
are often only partially clear in the summer, portions being still 


We would refer for a valuable view of the characteristic plants and animals in- 
habiting the four zones intx) which tlie area of the British seas has been divided, to 
the table given by Professor E. Forbes, in his Memoir on the Geological Relations of 
the existing Fauna and Flora of the British Isles, Memoirs of the Geological Survey 
of Great Britain, vol. i , p. 375. 

♦ When we recollect that under favourable circumstances tlie officers of our Navy 
and of our Merchant Service, may render great assistance to this inquiry, when 
properly conducted, it is to be hop^ that we may eventually obtain, through their 
exertions alone, more extended facts connected with the subject. Under their care 
the dredge might often be applied with advantage ; and if specimens of the animals 
obtained were stowed away safel^^, properly ticketed, for the examination of com- 
petent naturalists, far more would be known in the next half-century touching the 
distribution of marine life, particularly at depths where surface waves could not so 
act as to drive its remains on shore, than could be accomplished by naturalists alone, 
however zealous. " 

During the surveying voyage of H.M.S. Rattlesnake, commanded by the late 
Captain Owen Stanley, R,N., on the coast of Australia and New Guinea, numerous 
valuable observaiions were made upon the distribution of marine animals in depth, 
and an account of the zones of life, in the regions explored, is contained in the 
Narrative” of the voyage by Mr. Macgillivray. 
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subject to the occasional pressure of* floes and masses of ice. In 
certain intermediate regions all animals and plants inhabiting the 
distance between high and low water mark, with its modifications 
according to the state of the tide, must be adjusted to sustain the 
extremes of a long range of temperature, in order to support the 
atmospheric changes to which they are exposed. The differences 
of temperature observable round the British Islands, notwith- 
standing the advantage of their position, are sufficiently consider- 
able to produce a movement among many marine animals, as is 
well known, so that certain of them are only seen close in shore, 
among the pools left by the tide, in the warmer season. Others 
again appear organized to sustain a considerable change of tempe- 
rature. We have seen the common limpet {Patella vulgarie) 
apparently doing well on our coasts, at temperatures of 92° (close 
to the rock), and of 24°, a range of 68°. As far, therefore, as 
temperature is concerned, such a mollusc could live in the ocean 
waters, and at any depths, in all parts, except in the higher 
portions of the sea during the winter months in the icy regions. 
Its organization is no doubt adjusted to a littoral life, and to 
changes of temperature, as part of the littoral conditions in such 
climates as that of the British Islands, but the amount of change 
which it can in this manner support, may make us careful at 
giving too much importance to temperature alone in the distri- 
bution of marine animal life. Once beneath a moderate depth of 
sea, the mass of water is less acted U 2 X)n by atmospheric influences, 
and the adjustment to the specific gravities of water at different 
temperatures is such as to produce much uniformity in the tem- 
perature of the deeper zones, and minor modifications in those 
above them ; in the warmer regions tending to keep the sea tem- 
peiuture beneath that of the atmosphere, and in the colder to raise 
that of the water above it As, therefore, the sea level is ap- 
proached, so as a whole must the animals inhabiting the higher 
zones be adjusted to support changes in the temperature of the sea 
in those regions where the summer differs materially from the 
winter as regards heat. 

Quitting coast conditions, and regai’ding the ocean beyond the 
depths of 200 or 300 fathoms, we have a large area, on the bottom 
of which we have no reason to suppose any vegetation exists, 
seeing that observations on coasts would lead us to conclude that 
the needful conditions for its growth terminate at comparatively 
very minor depths. All phytophagous marine creatures would not 
be expected beyond their ability to obtain the food fitted for them, 
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while the carnivorous animals have necessarily the power to ex- 
tend vertically and horizontally, far beyond tlie growth of marine 
vegetation, however this vegetation may support the mass of life 
upon which the carnivorous animals have, as a beginning, to feed. 
In the region of the Sargasso weed, we have an example of a float- 
ing vegetation, tending to support animal life, and forming the 
abode of multitudes of marine creatures in the open sea. This, 
however, is an exception to the general fact of the absence of* 
marine vegetation in tlie open ocean, except so far as stray 
portions of sea-weed, borne by currents from coasts, may be 
concerned. 

In the oceanic depths there exist, apparently, conditions under 
which some portions of the remains of the fish, crustaceans and 
molluscs, to be found on the surface above, may be preserved. 
Although much may be consumed and continued in the mass of 
life so inhabiting the surface, from time to time some part of the 
harder portions of animals may descend to the bottom, assuming 
tliat the specific gravity of such remains be such as to permit 
their fall through the water.* Shells of the lanilihia communis, 
having a specific gi^a^ ity of 2 * 66, and of the Nautilus umbilicatus 
with that of 2 * 64, would, after the fleshy matter of these molluscs 
was decomposed or consumed, and no air entangled in the interior 
of* the shells, be capable of descending to any depths which we 
may consider at all probable in the ocean, supposing it‘< saline con- 
tents not to materially differ in depth, and the compressibility of 
sea water such as experiments upon fresh water would lead us to 
infer. We may thus have the remains of marine animals scattered 
over the bottom of the ocean floor, in certain localities especially, 
as also those of stray animals drifted from coasts, attached to sea- 
weeds or pieces of' wood, both of which decomposing, the liarder 
portions of these animals may fall to thc-‘ bottom at great depths. 
It can scarcely be supposed that all the logs of wood bored by the 
Teredo, or covered over by the common barnacle, Anatifa striata, 
are drifted on shore, and that they do not often become so decom- 
posed as to ])ermit the descent of the harder parts of these animals 
to the bottom. Indeed we might anticipate a somewhat singular 

* With respect to the compreBsibility of the ocean waters ; according to Poisson 
(Nouvelle Thwrie de PAction Capillaire, p. 277) it would require a pressure equal to 
1100 atmospheres to reduce water six-hundredths of its volume. lu the experiments 
of MM. Colladon and Sturm, w'ater not deprived of air, was compressed equal to 
47*85 millionths for each atmosphere, and deprived of air, equal to 49*6.5 millionths. 
The experiments of M. Oersted gave a compression of 46*65 millionths for each 
atmosphere. Water containing salts in solution was found, as might be expected, 
somewhat less compressible. 
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mixture of the harder parts of some marine animals in different 
parts of the ocean, especially in the vicinity of islands rising out of 
considerable depths, such, for example, as near Hawaii, Mani, and 
other islands of the Sandwich group. 

Keturning to the coast, we find with the animal life the vege- 
tation on which it feeds, from that exposed to the atmosphere 
at low water, on tidal shores, to that only known by dredging and 
fishing. Those accustomed to examine the rocky shores of tidal seas 
well know how much sea-weed may be cast on shore in the little 
bays and creeks, or be drifted to the larger bays, during and after 
lieavy gales of wind, producing breakers on such coasts, and which 
tear up tlie marine plants, especially towards low-water mark, 
where during calmer times they may have been abundantly pro- 
duced. A sandy bay beyond a long line of steep rocky coast, the 
latter exposed to some lieavy gale during the rise and fall of 
several successive tides, so that sea-weeds, detached by the breakers 
from it, are driven by wind and tide into the bay, will be often 
seen by the observer to have its beacli covered in various places 
with matted masses of tho<c plants. Frequently, as might be 
expected from the Ibrces employed, these lines of sea-weed are cast 
iq) liigh on the beach, beyond thcreacli of calmer seas to float them 
off. They will there be disjio'^ed ol* according to the climate. In 
warm countries, or in tlic sunimer months of tlie temperate regions, 
they soon decompose, and their remains, not Ixjrnc off in a gaseous 
form, become iiiti'rmingled with the beacli. An observer, by 
studying the sections of sandy beaches expired by rills or small 
streams ol‘ water, may occasionally find irregular layers of black 
carbonaceous matter, the result of the decoin porition of masses of 
sea- weeds cast on shore, intermingled witli the ordinary sand, and 
in some localities, purts of a shingle beach will lie seen with an 
abundance of intermixed sea-w^eed in a decoin p\sod or decomposing 
state. He may also liiid the light matter of decomposed sea- weeds 
borne to deeper waters in sheltered situations, its entombment in 
such places depending upon the disturbance to which it may be 
subsequently exposed, and the amount of ordlnarv sedimentary’' 
substances which may collect permanently over it. J n some localities 
much mud, black with carbonaceous matter thus derived, may be 
accumulated. 

Molluscs, living among the sc‘a- weeds thus detached and cast on 
shore, are occasionally observed to be entangled amid the plants, 
their harder parts remaining intermingled with the sands or shingles 
after tlie decomposition of the plants, so that the shelhs of roc»k- 
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frequenting molluscs become embedded with those of others living 
in and upon sands. The little Patella pellueida is very commonly 
thrown on shore on our coasts, adhering to the cavity it has made 
for itself at the root of some large fucus, and which, indeed, has 
weakened the power of‘ the plant to keep its place, when acted on 
by the sea in hea^y gales. It is also very common to find drifted 
marine creatures of other kinds entangled in these masses of 
detached sea-weeds ; on some coasts the remains of crustaceans 
being abundant. 

With regard to steep coasts, vertical or nearly vertical cliffs 
plunging suddenly into deep water, it may happen that molluscs, 
feeding upon marine plants growing at various depths, and them- 
selves inhabiting different depths, according to tlieir kinds, get 
knocked off by tlie sea. While those uninjured may again recover 
their positions, a few perish, and their shells be preserved in sand, 
silt, or mud, with the remains of other molluscs living on such 
bottoms ; so that the remains of littoral, shallow, and deep-water 
molluscs become preserved together in the same deposit. Molluscs 
as they die must have their shells washed away by the sea on such 
cnasts, and thrown into deep waters. Some account has also to be 
taken of birds picking the animals out of shells which they may 
have obtained upon the rocks at low tide, or have brought fi'om 
jidjacent bays where tliey may have been cast alive or recently 
killed on shore. AVe liave seen the common oyster-catchers busy 
knocking off and eating limpets upon projecting portions of steep 
coasts, leaving the shells, all of which, when there is breaker 
action, must have been washed into deep water as the tide rose. 
Such circumstances have to be considered upon the steep coasts 
of the world, of which there is no want, many fatlioms of depth 
being found, with (Xjcasionally a few projections in different places, 
close along shore, various marine vegetables and animals occupying 
zones of the depths best suited to them. The sea adjoining some 
of' the ocean islands, wliere great depths are obtained all round, 
may, perhaps, afford some of the best conditions for collecting 
together the remains of' marine life wliich had inliabitod different 
zones of depth. 

While the remains oi marine animals which have existed in 
different zones of* depth, with the modifications due to sheltered 
and exposed situations and other variations of conditions, may bo 
collected either in the immediate vicinity of, or at no great distance 
from, steep coasts, it is in tidal seas, to the fringes of detrital or 
chemically -formed matter around the chief' masses of land, rising 
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above the sea, that we look for the preservation of the great 
amount of organic remains. Indeed, the modifications of the 
actual coasts as to depth, are commonly but variations of the 
manner in which these submarine fringes join the subaerial por- 
tions of the solid land. Such fringes may be regarded as forming 
extensive plains on the margins of tidal seas (here and there a pro- 
jecting mass of rock rising above them), with usually a somewhat 
gentle slope to the depth ol‘ 600 to 1000 or 1200 feet, after which 
they often appear, as a whole, to descend more abruptly. Gentle as 
the slope may be, the differences of depth appear sufficient, as above 
stated, for the modification of life upon it, so that while some 
animals live near the coast, others keep far out in the deeper 
water. While some portion may be enabled to live at varied 
depths, there exists a mass of life, the remains of which would be 
entombed far from shore in one case, and near it in the other, and 
not commingled, as in the case of steep coasts, and adjoining deep 
seas. A glance at the charts of a large portion of the eastern side ol* 
the American continent will show how far separated, horizontally, 
such masses of remains may be. 

Tjet it, for illustration, be supposed that the following map 
(fig. 69) represents an extended line of coast, so that 1, 1 : 2, 2 ; 


1 ig. 60. 

la bed ef (j 



and 3, 3, are parallels of latitude sufficiently distant from each 
other to render surlace temperature different enough to be im- 
portant lus regards marine life. Let ^ be a line of‘ coast extend- 
ing from north to south, and //'the outer verge of about 100 
fathoms off the same coast, a more sudden increase of depth taking 
place at this depth into the area g g ' ; equal depths, or zones being 
represented by the lines a cl, b b\ c c, d d\ and e e. 

For still further illustration, we have supposed a large river (r) 
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to deliver itself upon the coast. Upon such a subaqueous area, 
we have the conditions for the entombment of the -remains of 
the life distributed over it in certain bands, coinciding witli 
depths ranging in lines witli the coast, and with the power 
of tidal and wave action upon the detritus thrust forward by, or 
carried in mechanical suspension out of, tlie river, in addition to 
any sedimentary matter directly obtained from the coast. The 
effect of tlie river waters in rendering the shore water brackish 
would vary in depth, according to circumstances, the tendency 
of such waters, from their relative specific gravity, being to float 
above the sea water, and not to be much mingled witli tlie latter to 
any great amount of depth, though, upon the ebb tide, brackish 
water might be carried along shore if the tide took that course. 
Difierent states of the weather would modify the conditions for 
the mixture of fresh and sea waters. Thus during heavy on-shore 
gales of wind, and freshets in the rivers, as are often combined on 
the western portions of tlie British Islands, the conditions fir 
mingling sea and river waters would be more fii\'oiiral)le than 
during calm weather. 

Let us suppose the following section (fig. 70) to represent 
(though upon a very exaggerated scale) that of the map (fig. fiO), 

Fig, TO. 



a h being the ^ea-level, c, coast, rf, e, f, ff, different depths of sea, 
and ?i, the more sudden descent into deep water. In tideless seas 
these various depths would remain undisturbed, except by 
movements arising from the waves produced by the winds above, 
unless, indeed, there be cun-ents acting in such seas. In tidal seas 
the case would be so far different, that the level of the sea itself 
would be altered during every tide ; on some coasts making a 
change of many feet. With this change of level, any motion in 
the waters produced by waves above would also descend more or 
less deep, supposing equal wave action on the surface. In addition, 
the sweep of the tidal stream will extend to the depths it may, 
according to conditions, reach, and occasionally an ocean current 
may range sufficiently near a coast to act on the bottom, the shores 
of ocean islands sometimes offering conditions for the latter. We 
have now to consider that while the shells of molluscs would often 
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remain in the mud, silt, or sand which the animals may frequent, 
penetrating into them to various depths, according to their habits, 
so that such remains are preserved after their death in the position 
usually occupied by the molluscs, numerous other shells remain on 
the surface to be acted upon in the manner of any inorganic 
substance. 

That shells are so scattered about, multitudes brought up by 
the arming of the sounding-lead abundantly attest. Moreover, 
collections of certain species arc found to mark particular portions 
of soundings off given coasts. Thus off the shores of the British 
Islands, charts give localities as marked by Hakes teeth, as they 
are termed ; commonly nothing else than a multitude of the shells 
of Dentalium scattered over particular areas. Other collections of 
shells are equally well known. While these shells, scattered over 
the sea bottom, are often either the entire hard parts of univalves, 
or single and uninjured valves of the bivalves, at other times they 
are crushed or broken. Whether in the one state or the other, 
according to their specific gravities, volume, and form, they will be 
acted upon by streams of tide, by ocean currents sweeping within 
sufficient depths, or by surface wind- wave action transmitted to the 
both>m. With respect to specilic gravities, though there is appa- 
rently much variation in this respect, the floating molluscs being, 
some of them at least, provided with shells of comparatively minor 
specific gravity, the range seems something between 2*67 and 
2*85*. With equal forms and volumes, fragments or rounded 
grains of a great proportion of marine shells would apparently be 
specifically heavier than grains of quartz and rock crystal (2 * 63 
— 2 • 65), of common felspar (2 53 — 2 • 60), of* albite (2*61 — 2 • 68), 


* The author obtained the following specific gravities ot a few marine shells some 
years since. — Researches in Theoretical Geology, 1834, p. Vo 


Argonauta tuherculosus . . . 2*43 1 

Nautilus umbilicalus . . . . 2*64 

Janthina communis 2*66 

Lithodomus dactylus . . . . 2*67 

Teredo (great, East Indies) . . 2*68 

Haliotis tuberculatus . . . . 2*70; 

Cyprina vulgaris 2*77 j 

Strombus gigas 2*77 


Chiton 

. . 2*79 

Fholas crispata .... 

. .2*82 

Cytherea macula! a . . . 

. . 2-83 

Bulla 

. . 2-83 

Voluta musica .... 

. . 2-83 

Cassis testiculiis .... 

. . 2-83 

Strom bus gibherulu^ 

. .2-83 

Pyrula melongena . 

. . 2-84 

Tellina radiata .... 

. . 2-85 


It is not improbable, that if experiments on this head were much inuItipHed, in- 
dividual differences w'ould often be found in the same species. While the shell of the 
Argonauta tuherculosus is lighter than pure Sussex chalk (2*40), and that of Haliotis 
tuberculatus is equal in specific gravity to Carrara marble (2*70), the greater numbers 
exhibit a packing of particles more approaching Arragonite. 


M 
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and of chlorite (2‘71), while they would be lighter than mica 
(2-94). 

The forms of shells or their fragments, except they have been 
ground down to rounded grains by breaker action on beaches, com- 
monly agree little with those of the sedimentary matter among 
which they lie superficially mixed. When, therefore, we have to 
regard any movement of water around whole shells or their frag- 
ments, their forms become important, as also the mode in which 
they may be exposed to any moving force employed. Thus the 
same shell, if* a conical univalve, would offer a different resistance, 
according as it might be placed with its apex or its base to the 
mo^fing water, when acted upon, though wc might expect that the 
moving water would soon turn such body, so tliat its apex would 
be presented to the line of action. With the valve of a bivalve, 
its hold on a bottom of sand or silt would be very different, 
whether it were turned with the margin of the valve downwards, 
or merely rested upon some part of its bombed surface. How far 
the valve of a shell could be transported along the bottom without 
being upset, will depend on very obnous conditions. In all cases 
wc have to consider that shells, or their fragments, having a 
specific gravity rarely, perhaps, exceeding 2*85, and often pre- 
senting forms readily moved, are not difficult of tiunsport in a 
medium of the specific gravity of 1’027 — 1*028. 

Referring to the plan and section above given (figs. 69 and 70), 
the observ^er will have to distinguish between the remains of those 
molluscs which may die amid the mud, silt, or sand, and so have 
their harder parts preserved in the situations where they live, and 
the remains on the surface of the sea Ixjttom. How £ir these may 
retain tlieir positions relatively to the zones of depth suited to 
their animals, will depend upon the circumstances above noticed. 
Looking at the subject generally, they would be liable to be moved at 
the depth at which surface-wave action could reach, and therefore 
to be moved shorewards in shallow waters ; so that the remains 
of molluscs accumulated near the a>ast in the zones h a a! V 
(fig. 69), vaiying in the depths bd,d e (fig. 70), would, at the proper 
depths, have surface-wave action added to tidal streams able to trans- 
port the shells or their fragments, tending to move them on-shore. 
In the outer zone e f (fig 69), and at the depths fg (fig. 70), the 
effects of the tidal movement may not only be little felt, but also 
any action upon the bottom from surfiiaj- waters be inappreciable. 
Still further out, in the deep waters g (fig. 69), or h (fig. 70), 
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there may be no movement sufficient to produce transport of loose 
matters on the bottom. There might, therefore, be movements in the 
water producing considerable mixtures of* the remains of molluscs 
in shallow situations, extending even to the casting of shells or 
their fragments upon the shore, from depths depending upon 
various local modifications of the causes of transport above noticed. 

On many exposed ocean-coasts we have even the accumulation 
of sandy dunes, composed, lor the most part, of fragments of 
mollusc shells ground down to sand, these cast on shore and dealt 
with by winds in the manner (‘f common sand. The western 
coasts of Ireland, Scotland, and of part of England, afford many 
examples of this fact.* 

The induration of sands formed of* comminuted shells has been 
previously mentioned (p. 62 ), and, as may be expected, such 
indurated sands occasionally include remarkable mixtures of 
organic remains. The rock in which the human bones were dis- 
covered at Guadaloupe would appear to be of this character. Not 
only corals and shells from the neighbouring sea, but terrestrial 
shells also, including the BuUmua guadalmpensia (Ferussac), are 
preserved in it. Teeth of the caiman, with stone hatchets and 
other remains of human art, are mentioned as having been found 
in this consolidated sand. 

The study of the manner in which the shells of molluscs, and 
the liarder parts of marine animals generally, are thrown on shore, 
of the depths from which they may be borne by the action of* 
on-shore waves and breakers, and of the various arrangements 
of whole, broken, or comminuted shells in layers, from their 
accumulation like ordinary dctrital matter at various depths in the 
sea to their rejection upon the land, is one which will amply 
reward the observer anxious to compare the manner in which these 
remains are now distributed and arranged with that of the organic 
remains found in fbssiliferous rocks. He may at times see the 


* This shell sand is often employed as manure ; it is known to have been so 
employed in Cornwall in the reign of Henry III. A charter of lU chard, King of the 
Homans, granting the liberty of taking this sand for maniin*, was confirmed by 
Henry HI. (Lysons, “Mag. Brit.,” Cornwall, p. ccciii, who cites Hot. Chart., 4J) 
Hen. III.) Carew notices the use of it in his Survey of Cornwall (100:2), and it is 
largely employed for agricultural purposes to the present day. Mr. W organ, in 1811, 
estimated the cost of the land carriage of this sand in Cornwall at more than 30,000/. 
per annum. Large quantities are obtaine<l at the Dunbar Sands, in Padstow Harbour, 
the annual amount estimated at 100,000 tons. It has been calculated that .5,000,000 
cubic feet of sand, chiefly composed of comminuted sea-shells, are annually taken from 
the coasts of Cornwall and Devon, and spread over the land in the interior as a mineral 
manure.— Rei)ort on the Geology of Cornwall, Devon, and West Somerset (1839), 
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pushing action of the small wash of the sea driving the larger shells 
and their fragments before it into convenient localities, there 
accumulating in a mass those which may have been distributed by 
breaker action along a line of coast, while at others he will find 
the shells jammed in amid the joints and crevices of rocks so 
firmly that they become difficult to remove. 



CHAPTER X. 


CORAL RKKliB AND ISIjANDS.— DISTRIBUTION OF CORAL ANIMALS.--CHKMICAL 
COMPOSITION OF CORALS. — KEELING ATOLL. — FORM OF CORAL ISLANDS. — 
BARRIER REEFS.— LAGOON ISLANDS. — ISLE OF BOURBON. 


Great as the accumulations of the harder remains of molluscs may 
be in the sea or on its shores (and regarding the amount of matter, 
cliiefly calcareous, abstracted from the sea or contained in their food 
the volume of these harder remains added annually to common 
detrital and chemical deposits must be very considerable), the 
coial accumulations of tropical regions present us with the most 
striking additions, by means of animal life, to the mineral deposits 
now in progress. They have for many years attracted the atten- 
tion of navigators and naturalists, so that much information has 
been obtained respecting them.* 

With regard to the distribution of corals, Mr. Dana states, that 
the Astrmcea, Madreporacea, and Gemmiporidm among the 
Varyophyllacea, arc, with few exceptions, confined to the coral- 
reef seas, a region Included between the parellels of 28° north and 
south of the equator, f these corals forming the principal portion of 
the reefs, and being confined to depths within 120 feet from 
the surface. Other corals, as is well known, extend to far 
greater depths, and into colder regions. Sir James Ross, in his 
voyage to the South Polar Redons, obtained live corals from a 

* A>’e would more especially call attention to the laboui*s of Mr. Darwin, who has 
not only been personally engaged in the investigation of coral reefs and islands, but 
has also carefully studied the works of navigators and naturalists relating to the 
subject. The results of his investigations are contained in his work, entitled, 
Structure and Distribution of Coral Islands,*’ London, 1842. We would also refer 
to the labours of Mr, Dana, contained in his “ Structure and Classification of 
Zoophytes,” Philadelphia, 1846. Mr. Dana’s views are also founded on the personal 
examination of coral reefs and islands. 

f Locally, coral reefs are found further north and south than 28*^. They extend in 
the Bermuda Islands to lat. 15' N., the greatest distance from the equator, as 
Mr, Darwin observes, at which they are known to exist, and to lat. 30® N. in the Red 
Sea. Uoutman’s Abrolhos, on the western shores of Australia, in lat. 29® S., are of 
coral formation. 
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depth of 1620 to 1800 feet off Victoria Land. Mr. Charles Stokes 
notices a species of Primnoa (lepadifera), as found from 900 to 
1800 feet off the coast of Norway; and Professor E. Forbes a 
species of the same genus from a depth of 1668 feet off Staten 
Land.* As respects the range of corals, Mr. Dana observes that 
“ CaryophyllidcB extend from the equator to the frigid zone, and 
some species occur at the depth of 200 fathoms or more. The 
Alcymaria have an equally wide range with the Caryophyllidoi 
and probably reach still higher towards the poles. The Hydroidea 
range from the equator to the polar regions, but are most abundant 
in the waters of the temperate zone.”t Regarding the distribution 
of species, Mr. Dana states, that of 306 species, 27 only arc com- 
mon to the East Indies and Pacific Ocean, while only one species, 
and that with doubt {Meandrina labyrinthica), is considered to be 
common to the East and West Indies. J 

Mr. Darwin remarks on the entire absence of coral reefs in 
certain large areas in the tropical seas. No coiul reefs liave been 
found on the west coast of South America, south of the equator, 
or round the Galapagos Islands ; neither have any been yet noticed 
on the west coast of America, north of the equator. In the central 
parts of the Pacific there are islands free from coral reefs, and 
there do not appear to be any coral reefs on the west coast of 
Africa, or round the islands of the Gulf of Guinea. St. Helena, 
the Cape Verde Islands, St. Paul’s, and Fernando Noroiiha arc also 
without such reefs, § 

Regarding the occurrence of corals as a whole, we thus 
see tliat they may be more or less strewed over a very large 
submarine area, one extending from the polar to the equatorial 
regions, some of them keeping to small depths within a portion 
of the general area comprised between the parallels of 28® north 
and south of the equator, and even rising to the surface of* the 
sea in certain parts of that minor area. However great occa- 
sional accumulations of their harder parts may be, under favourable 
conditions elsewhere, concealed beneath the ocean waters, we have 


♦ Sir James Ross, “ Voyage to the Antarctic Regions.” 

t “ Structure and Classification of Zoophytes.” 

X Referring to the causes of distribution and original sites, or centres of distri- 
bution, Mr. Dana observes: — “There is sufficient evidence that such centres of 
distribution, as regards zoophytes, are to be recognized. The species of corals 
in the West Indies are, in many respects, peculiar, and not one can with certahity 
be identified with any of the East Indies. The central parts of the Pacific Ocean 
appear to be almost as peculiar in the corals they afford. But few from the Feejees 
have been found to be identical with those of the Indian Ocean.” — “ Structure and 
(.'lassification of Zriophytes.” 

§ Darwin, “ Structure and Distribution of Coral Reef s,” pj). 01, 62. 
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influences, the climate of the Eastern Mediterranean was uniform, 
and that the absence of certain species in the JEgean Sea, charac- 
teristic of the Western Mediterranean, was rather due to a modi- 
fication in the composition of the sea water, from the impouring of 
the less saline waters of the Black Sea, than to climate.* The 
influx of river water produces its consequences ; and it is remarked 
that, among 46 species of testacea collected on the shore at 
Alexandria, there were 4 land and fresh-water molluscs, 3 of which 
are of truly subtropical forms, f so that while in one part of the 
Mediterranean forms of this character are mingled with the ordinary 
marine testacea, in another, as at Smyrna or Toulon, the Melanopsis 
is mixed with them near the former, and characteristic European 
pulmonifera near the latter. It is also shown by Professor E. F orbes, 
that while vegetables of a subtropical character may be borne down 
by the Nile, into the Mediterranean on the one side, accompanying 
the remains of* crocodiles and ichneumons, the Danube may transport 
parts of the vegetation of the Austrian Alps, with the relics of* 
marmots and mountain salamanders, the marine remains mingled 
with these contemporaneous deposits retaining a common character. 

With respect to modifications in conditions arising from depth, 
Professor E. Forbes divides the Eastern Mediterranean into eight 
regions, each considered to be cliaracterised by its fauna, and also 
by its plants, where they exist. Certain species were found con- 
fined to one region, and several were ascertained not to range into 
the next above, whilst they extended into that beneatli. “ Certain 
species,” he adds, “have their maximum of development in each 
zone, being most prolific of individuals in that zone in which is 
their maximum, and of which they may be regarded as especially 
characteristic. Mingled with the true natives of every zone arc 
stragglers, owing their presence to the action of the secondary in- 
fluences which modify distribution. Every zone has also a more or 
less general mineral character, the sea bottom not being equally 
variable in each, and becoming more and more unifbnn as wc 
descend. The deeper zones are greatest in extent ; so that whilst the 

* He attributes to this cause the dwarfish character of the molluscs, with few ex- 
ceptions, when compared with their analogues in the Western Mediterranean. “ This 
is seen most remarkably in some of the more abundant species, such as Pecten ojter- 
cularU^ Venervph irus^ Venus fasciata, Cardita trapezia, Modiola harhata, and the 
various kinds of Bulla, liissoa, Fusus, and Plewotoina, all of whicli seemed as if they 
w’ere but miniature representations of their more w'estem brethren. To the same 
cause may probably be attributed the paucity of Medusa', and of corals onci cx)rallincs. 
Sponges only seem to gain by it.” — Report of the British Association, vol. xii., p. 152, 
(Meeting of 1843). 

t Ainpullaria ovata, Paludina vnicolor, and Cyrena orienlalis. 
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first, or most superficial, is but 12, the eighth, or lowest, is above 
700 feet in perpendicular range.”* 

While tracing the first region or littoral zone, which is thus 
limited to 12 feet, all the modifications arising from kind of bottom, 
rock, sand, or mud, are shown to have their influences, and the 
effects of wave action, bringing up the exuvias of animals inhabiting 
the next region beneath, are pointed out. The second region is 
estimated at 48 feet, ranging from 2 to 10 fathoms ; the third at 60 
feet, between the levels of 10 to 20 fathoms; the fourth at 90 feet 
(20 to 35 fathoms); the fifth at 120 feet (35 to 55 fathoms ); 
the sixth at 144 feet (55 to 79 fathoms); the seventh at 150 
feet (80 to 105 fathoms) ; and the eightli, all explored below 
105 fathoms, amounting to 750 feet, more than twice the depth of 
all the other regions taken together, the total depth amounting to 
1380 feet. 

So complete arc the modifications in invertebrate life, produced 
by the conditions in these various zones or regions, that only two 
species of molluscs were found common to the whole eight — viz., 
Area lactea and OeritJiium lima, “ the former a true native from 
first to last, the latter probably only a straggler in the lowest.” 
Three species were found common to seven regions ;t nine to six 
regions :{ and seventeen to five regions. § With regard to geo- 
graphic distribution and vertical range in depth, Professor E. 
Forbes remarks that those species which possess the one exhibit the 
other, more than one -half of those having an extensive range in 
depth, extending to distant localities, in nearly every case to the 
British seas, some still further north, and some in the Atlantic, far 
south of' the Straits of Gibraltar. He concludes ‘ ‘ that the extent 


* British Association lleports, vol. xii., p. 154. 

-j- Nticula margaritavea^ MarghieUa vlandestinn, 
second considered to have possibly dropped into 
sea-weeda. 


and 
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of tlie range of a species in depth is correspondent with its geo- 
graphical distribution.”* 

As regards the influence of light, Professor E. Forbes presents 
us with facts connected with the molluscs and other animals, 
deserving much attention and extended research, due allowances 
being made for the modifications produced, as he points out, and to 
be attributed in many cases to an abundance of" nullipores, and to 
a beautk'ul pea-green sea-weed, Caulerpa prolifer a. The majority 
of shells in the lower zone were found to be white, or, when tinted, 
of* a rose colour, few exhibiting any other hues. In the higher zones, 
the shells, in a great many Instances, exhibited bright combinations 
of colour. The animals also of the testacea and radiata, in the 
higher zones, were much more brilliantly coloured than in the lower, 
where they are usually white, whatever the colour of the shell may 

bc.t 

The researches of Professor E. Forbes have led him not only to 
attach great value to the bottom in or on which marine animals may 
live (and it will be obvious that creatures whose habits may be 
suited to mud would find themselves ill at ease upon rocky ground 
alone), but also to point out the effects produced by the accumula- 
tion of the liarder parts of successive generations of' marine animals 


* Reports of British Association, vol. xii., p. 171. 

“ If,” observes the Professor, “ we inquire into the species of Molhisca which arc 
common to four out of the eight JEgean regions in depth, we find that there are 38 
.«,uch, 21 of which are either British or Biscayan, and 2 are doubtfully British ; whilst 
of the remaining 15, 6 are distinctly represented by corresponding species in the north. 
Thus among the Testacea having the widest range in depth, one-third are Celtic or 
northern forms : whilst out of the remainder of ARgean Testacea, those ranging througli 
less than four regions, only a little above a fifth are common to the British seas. One 
half of the Celtic forms in the ^gean, which are not common to four or more zones in 
depth, are among the cosmopolitan Testacea, inhabiting the uppermost part of the 
littoral zone.” 

t Professor E. Forbes adds, “ In the seventh region, white species (of Testacea) are 
also verj' abundant, though by no means forming a proportion so great as in the eighth. 
Brownish-red, the prevalent hue of the Brachiopoda, also gives a character of colour 
to the fauna of this zone ; the Crustacea found in it are red. In the sixth zone, the 
cf/lours become brighter, reds and yellows prevailing, generally, however, uniformly 
colouring the sliell. In the fifth region, many species are banded or clouded with 
vaiious combinations of colours, and the number of white species has greatly 
diminished. In the fourth, purple liues are frequent, and contrasts of colour common. 
In the second and third, green and blue tints are met with, sometimes very vivid, but 
the gayest combinations of colour are seen in the littoral zone, as well as the most 
brilliant whites.” 

Respecting the colour of the animals of Testacea, the genus Trochus is selected as 
“ an example of a group of forms mostly presenting the most brilliant hues both of shell 
and animal; but whilst the animals of such species as inhabit the littoral zone are 
gaily chequered with many vivid hues, those of the greater depth, though their shells 
are almost as brightly coloured as the covering of their allies nearer the surface, have 
their animals for the most part of an uniform yellow or reddish hue or else entirely 
Mliite.” jie]>oils Brit. Assor,, vol. xii., p. 173. 
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upon the same bottom, thus, in fact, altering its condition, so that 
they may die out from this increase/ He considers that until the 
old conditions be restored by a new accumulation of detrital matter 
different from that presented by the animal exuviae, the same 
animals would not find the kind of bottom suited to them ; and the 
geological bearing of this view is shown to be illustrated by the 
bands or layers of fossils so frequently found interstratified with 
common sedimentary matter/ In conclusion, Professor E. Forbes 
adverts to the evidences of the existing fauna of the iEgeah which 
would be presented if its bottom were elevated into dry land, or the 
sea filled up by sedimentary deposits. While the remains of some 
animals would afford the needful evidence of their existence, and 
occur under circumstances whence the probable deptlis at which 
they lived might be inferred: of other anmals, very abundant in 
the present seas, no trace would be found.f 

While Professor E. Forbes was thus Investigating the conditions 
under which marine life existed in the Eastern Mediterranean, 
it fortunately so happened that Professor Loven was engaged in re- 
searches leading to general and similar conclusions respecting the 
modifications in marine life on the coast of Norway. Though both 
localities are so far similar that the shores are for the most part 
rocky, and deep water to be often obtained near the coast, they 
differ as to climate, and as to the sea being tidcless in the Eastern 

* He illustrates this point by beds of scallops {Pecten opercularis), or of oysters, 
which, when considerably increased, give rise to a change of ground, by the accumu- 
lation of their shells, so that the race dies out, and the shelly bottom becomes covered 
over by sedimentary matter. — Edinburffh New Phil. Journal^ vol. xxxvi., p. 32-». 

t Tn his paper on the light thrown on Geology by Submarine Researches, being the 
substance of a communication made to the Royal Institution of Great Britain, on the 
23rd February, 1844 (Edinburgh New Phil. Journal, vol. xxxvi., p. 318, 1844), Pro- 
fessor E. Forbes, while remarking on all varieties of sea bottom not being equally 
capable of sustaining animal and vegetable life, observes, “In all the zones of depth, 
there are occasionally more or less desert tracks, usually of sand or mud. The few 
animals which frequent such tracks are mosily soft and unpreservable. In some 
muddy and sandy districts, however, worms are \ ery numerous ; and to such places 
many fishes resort for food. The scarcity of remains of testacea in sandstones, the 
tracks of worms on ripple-marked sandstones, which have evidently been deposited in a 
shallow sea, and the fish remains often found in such rocks, are explained in a great 
measure by these facts.” 

X The following are the inferences on this head, inferences extremely valuable re- 
specting the animal life existing at different geological periods : — 

“1. Of the higher animals, the marine Vertebrata, the remains would be scanty and 
widely scattered.” 

“ 2. Of the highest tribe of Mollusca, the Cepholopoda, which though poor in species 
is rich in individuals, there would be but few traces, saving of the Sepia, the shell 
of which would be found in the sandy strata forming parts of the coast lines of the 
elevated sea-bed.” 

“ 3. Of the Nudibranchous Mollusca there would not, in all probability, be a trace 
to assure us of their having been ; and thus, though wo have every reason to suppose 
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Mediterranean and oceanic off Norway. While adverting to the 
modifications of life at different depths. Professor Loven attributes 
much of the character of the submarine life off the coasts of Norway 


from analogy that those beautiful and highly-characteristic animals lived in the tertiary 
periods of the earth’s history, if not in older ages, as well as now, there is not the 
slightest remain to tell of their former existence.” 

“4. Of the Pteropoda and Nucleobraiichiata, the shell-less tribes w ould be equally 
lost with the Nudibranchiata, whilst of the shelled species we should find their remains 
in immense quantity, characteristic of the soft chalky deposits derived from the low est 
of our regions of depth.** 

“ ,5. The Brachiopoda w e should find in deeply-buried beds of nullipore and gravel, 
and from their abundance we could at once predict the depth in w'hich those beds were 
formed.** 

‘‘ 6. The Lamellibranchiate mollusca w'e should find most abundant in the soft clays 
and muds, in such deposits generally presenting both vah es in their natural positions, 
w^hilst such species as live on gravelly and open bottoms would be found mostly in the 
state of single valves.” 

“ 7. The testaceous Gasteropoda would be found in all formations, but more abundant 
in gravelly than in muddy deposits. In any inferences we might wish to draw regard- 
ing the nortliem or southern character of the fauna, or on the climate under which it 
existed, w’hether from univalves or bivalves, our conclusions w’ould vary according to 
the depth in which the particular stratum examined w as found, and on the class of 
mollusca which prevailed in the locality explored.” 

** 8. The Chitons w'ould be found only in the state of single valves, and probably 
but rarely, for such species as are abundant, living among disjointed masses of rock and 
rolled pebbles, w'hich w’ould afterwards go to form conglomerate, w ould in all proba- 
bility be destroyed, as w’ould also be tlie case with the greater number of sublittoral 
Mollusca.” 

** 9. The Mollusca tunicata would disappear altogether, though now forming an im- 
portant link between the Mediterranean and more northern seas.” 

“ 10. Of the Arachnodermatous Kodiata, there w ould not be found a trace, unless the 
membranous skeleton of the Vdella should, under some peculiarly favourable circum- 
stances, be preserved in sand.” 

“11. Of the Echinodermata, certain species of mchinvs would be found entire; 
species of Cidaris, on account of the depth at which that animal lives, would not be 
unfrequent in certain strata, as the region in w'hich it is found bounds the great lower- 
most region of chalky mud ; the spines would be found occasionally in that deposit, 
far removed from the bodies to which they belonged, Starfishes, saving such as live 
on mud or sand, would be only evidenced by the occasional preservation of their os- 
sicula. Of the extent of their distribution and number of species no correct idea could 
be formed. Of the numerous Holothuriada' and Sipunculidcc, it, is to be feared there 
would be no traces. The single Crinoidal animal w ould be easily preserved entire, but 
its ossicula and cup-like base would be found in the more shelly deposits.” 

‘* 12. Of the Zoophyta, the corneous species might leave impressions resembling 
those of Graptoliteg in the shales formed from the dark muds on which they live. 
The Corals wrould be few, but perhaps plentiful in the shelly beds, mostly, however, 
fragmentaiy. The Cladocora cccsp 'dosa^ where present, would infallibly mark the 
bounds of tlie sea, and, from the size of its masses, might be preserved in con- 
glomerates where the testacea would have perished. The Aciin 'm would have dis- 
appeared altogether.” 

“ 13. Of the sponges, traces might be found of the more silicious species when buried 
under favourable circumstances.’* 

“ 14. The Articulata, except the shelled aiinelides, would be for the most part in a 
fragmentary state.” 

“ ir». Foraminifera would be found in all deposits, their minuteness being their pro- 
tection ; but they would occur most abundantly in the highest and lowest beds, distinct 
species being characteristic of each.” 
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to variations in the sea-bottom, always, however, making allowances 
for the depth,* thus agreeing with the general views of Professor 
Forbes. 

While marine life is thus found adjusted to different zones of 
depth on the ocean shores of Norway and the east part of the 
Mediterranean, always carefully considering the local an'd physical 
conditions, it becomes the more interesting to have direct evidence 
of the adjustments which may be effected on the great and gentle 
slopes bounding some coasts, such as those so important on the 
eastern coasts of America. Eespecting these great detrital fringes off 
coasts, among which may be classed, though very small, com- 
paratively, the shallow seas around the British Islands, the area of 

“16. Tracts would be found almost entirely deficient in fossils, some, such as the 
mud of the Gulf of Smyrna, containing but few and scattered ; whilst similar muds in 
other localities would abound in organic contents. On sandy deposits, formed at any 
considerable depth, they would be very scarce and often altogether absent. Fossili- 
ferous strata would generally alternate with such as contain few or no organic re- 
mains. Wliilst at present the littoral zone presents the greatest number and variety 
of animal and vegetable inhabitants, including those most characteristic of the Medi- 
terranean Sea, when upheaved and consolidated, their remains would probably be im- 
perfect as compared with those of the natives of deeper regions, in consequence of 
the vicissitudes to which they are exposed, and the rocky and conglomeratic strata in 
which the greater number would be embedded. A great part (>f the conglomerates 
and sandstones found would present no traces of animal life, which would be most 
abundant in the shales and calcareous consolidated muds.” — Prof. E. Forbes’ Reports, 
Brit. Association, vol. xii., p. 176. 

* Professor Loven observes, “ As to the regions, the littoral and laminarian are 
very well defined everywhere, and their characteristic species do not spread very 
far out of them. The same is the case with the florideous Algse, which is most 
developed nearer to the open sea. But it is not so with the regions from 15 to 100 
fathoms (90 to 600 feet). Here there is at the same time the greatest number of 
species, and the greatest variety of their local assemblages ; and it appears to me, 
that their distribution is regulated, not only by depths, currents, &c., but by the 
nature of the bottom itself, the mixture of clay, mud, pebbles, &c. Thus, for instance, 
the many species of Amphidesma, Nucula, Natica, Eulima, Dentalium, Sec., which 
are characteristic of a certain muddy ground at 15 to 20 fathoms, are found together 
at 80 to 100 fathoms. Hence it appears, that the species in this region have generally 
a wider vertical range than the littoral, laminarian, and perhaps as great as the deep- 
sea coral. The last-named region is with us characterised, in the south, by Oculina 
ramea and Terebratula, and in the north, by Astrophyton, Cidaris, Spatangus pur- 
pureus of an immense size, all living, besides Gorgoniae and the gigantic Alcyonium 
arhof'cum, w hich continues as far down as any fisherman’s line can be sunk. As to 
the point where animal life ceases, it must be somewhere ; but with us it is unknown. 
As the vegetation ceases, at a line far above the deepest regions of animal life, of 
course the zoophagous mollusca are altogether predominant in these parts, while the 
phytophagous are more peculiar to the upper regions. The observation of Professor 
E. Forbes, that British species are found in the Mediterranean, but only at greater 
depths, corresponds exactly with what has occurred to me. In Bohuslan (between 
Gottenburg and Norway), we found, at 80 fathoms, species w’hich, in Finmark (on 
the north), may be readily collected at 20, and on the last-named coast, some species 
even ascend into tlie littoral region, which, with us here on tlie south, keep within 10 
to 11 fathoms .” — On the Bathymetrical distribution of submarine life on the northern 
shores of Scandinavia.— British Association Reports, Notices, and Abstracts, vol. xiii. 
p. 50. ’’ 
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which inside depths, not exceeding 600 feet, will be seen by 
reference to fig. 65 (p. 91 ), we should anticipate disturbing con- 
ditions much affecting the distribution of some portion of the marine 
life upon them. With regard to a knowledge of the distribution of 
marine life in the British seas, we are indebted to the researcbes of* * * § 
Professor E. Forbes, commenced anterior to those undertaken in the 
iEgean Sea.* It was while prosecuting these researches that he 
ascertained the value in these investigations of the power of mollusca 
to migrate. t He has pointed out that they do so in their larva 
state, ceasing “ to exist at a certain period of metamorphosis, if* tliey 
do not meet with favourable conditions for their development, i, e,, 
if they do not reach the particular zone of depth in which they are 
adapted to live as perfect animals.’^J 

Professor E. Forbes divides the British seas into four zones of 
depth: 1, the Littoral; 2, the Laminarian; 3, the Coralline; aiul, 
4, the Coral.§ The littoral zone lies between high and low water 
mark, varying in extent according to the rise and fall of tide, and 
the shallowness or deptli of the shore. ‘"Throughout Europe, 
wherever it consists of rock, it is characterized zoologically, by spe- 
cies of Littorina ; botanically, by Corallina ; where mndy, by the 
presence of certain species of Cardium, Tellina, and Solen ; where 
gravelly, by Mytilus ; wliere muddy, by laitraria and Pulladra''' 
The littoral is divisible into minor zones. || The Laminarian zone 
is the belt commencing at low- water mark, and extending to the 
depth of* 7 to 15 fathoms (42 to 90 feet). Algas are common, and 
numerous animals inhabit the forests composed of them. ‘‘Among 

* The first notice of them was published in the Edinburgh Academic Annual for 
1840. 

t In 1840, he ga^e a summnry of seven years’ observations at a particular season of 
the year.— Annals of Natural History, vol. iv. 

t Edinburgh New Pliil, Journal, vol. xxxvi., p. 325, 1844. Speaking of the manner 
ill which the larvae and eggs may be transported, it is observed that “ if they (tlie 
larvae) reach the region and ground of which the perfect animal is a member, then 
they develop and fiourish ; but if the period of their development arrives before 
they have reached their destination, they perish, and their fragile shells sink into 
the depths of the sea. Millions and millions must thus perish, and every handful of 
the fine mud brought up from the eighth zone depth in the Mediterranean, is literally 
filled with hundreds of these curious exuviae of the larvae of mollusca.” 

§ Tliese zones, originally pointed out in 1840, are considered to have been esta- 
blished by subsequent researches (Memoirs of the Geological Survey of Great Britain, 
vol. i., p. 371, 1846). Professor Forbes remarks that the two first regions had been 
previously noticed by Lamouroux, in his account of the- vertical distribution of sea 
weeds ; by Audouin and Milne Edwards in their observations on the natural history 
of the coast of France ; and by Sars, in the preface to his Bagtivclser og Jagtivelser. 

I', A table of the characteristic animals and plants, of four sub-zones, is given in 
Professor Forbes’ Memoir on the Geological Relations ot' the existing Fauna and 
Flora of the British Isles.' Mnnoirs of the Ccoloyical Surrey of Great Britain, vol. i., 
p. 373. 



Ca. IX.] 


AMID MINERAL ACCUMULATIONS. 


1.^3 

the moHusca, the genera Lacuna and Rissoa, the Patella pellucida 
and Icevisy PulloBtra perforans and vulgaris^ and various Modiolce 
are especially characteristic of this zone, and numerous zoophytes 
and Radiuta, especially Pchinm sphcera, Tvhularia, Actinea 
senilis, though ranging both higher and lower, are more prolific 
here than in any of the other regions.’’ Lastly comes the Nullipora, 
bounding the marine vegetation in depth, and rarely ranging down 
to more than 120 feet in our seas * 

The region of corallines is so termed from the greatest abundance 
of corneous zoophytes, which appear to take the place of plants, 
being found in it. The carnivorous mollusca are abundant, species 
of FusuSj Pleurotoma, and Buccinum are common, and many 
species of Trochus are found ; Naticce, Fissurellce, Fmarginulce, 
Velutinoe, Capulus, Fulimee, and Chemnitzice are abundant ; and 
among bivalves, Artemis, Venus, Astarte, P eaten, Lima, Area, and 
Nucula, ‘'Numerous and peculiar Badiata, including the largest 
and most remarkable species, abound, and for number, variety, and 
interest of the forms of animal life in the British seas, this region 
transcends all otliers.”t This zone extends from about 90 to 
about 300 feet, its greatest development being between 150 and 
210 feet. 

Tlic fourth region is that of dc*ep-sea corals, and is local. The 
greater part of the area of the British seas does not attain tlic 
depth at which this zone cojnmences. Professor E. Forbes con- 
siders this region as hitherto but very partially explored. “As 
far as we know,” he observes, “ it is well characterized by the 
abundance of the stronger corals, the presence in quantity of 
species of the Dentalium-\i]sLQ genus of Annelides, called Ditrupa, 
by a few peculiar Mollusca, and by peculiar Echinodermata, as 
Astrophyton and Cidaris, and Amorphozoa, as Tethya cranium. 
All our Britisli Brachiopoda inhabit this zone, and probably range 
throughout it.”f 

♦Professor E. Forbes points out, that the Nullipora likewise bounds marine 
vegetable life in the Mediterranean, where it descends to 420 and 480 feet. With 
respect to the depths to which marine vegetable life extends, he remarks, that it does 
so further than is commonly supposed, stating that in the Eastern Mediterranean, 
Codium flahellipyrme is found at 30 fathoms, Microdu'tyun at 30 fathoms, Rityphlaa 
tinctorea at 50 fathoms, Ckrysymenia uvaria at 50 fathoms, Dictyomenia volubilis at 50 
fathoms, Constantinea renifen mis at 50 fathoms, and Nullipora polyniorpha at 95 fathoms, 
(570 feet). 

t Forbes, Mem. Geol. Survey of Great Britain, vol. i., p. 374. 

X Professor E. Forbes remarks respecting the Brachiopoda, that when found, in 
certain localities, in more shallow water among the corallines, there are reasons for 
believing that their occurrence there may be explained by geological changes affect- 
ing the conditions of the sea bottom. [We 
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The advance thus made will be sufficient to stimulate other 
observers, so that at no very distant period a valuable mass of 
evidence may be anticipated.* Probably the general views, 
based on the local investigations above noticed, may be found 
capable of extensive application. However this may be, it can 
scarcely but happen that an accumulation of additional data 
would most materially aid the progress of the geological inferences 
to be deduced from the mode of occurrence of organic remains in 
rocks. 

With respect to the littoral zone, that most influenced by 
climate, while in tideless seas or those where tides are of little 
consequence, the marine animals inhabiting it are under con- 
ditions of slight change, as regards the vertical rise and fall of 
water; in tidal seas the case is different. In tidal seas many 
littoral molluscs are exposed to atmospheric influences for different 
periods, those near high-water mark the longest ; so that while the 
latter may remain uncovered by water six or eight hours at a 
time, those nearer low- water mark may be so for only an hour or 
two, some merely for a short time at spring tides. Neap tides 
also lea's^e a belt surrounding land, the higher part of which is only 
covered by water for a few days at a time, and then only at spring 
tides. It thus happens that while in the tropics tlie littoral zone 
may not be mider very material clianges of‘ temperature during 
the year, this condition, looking at the subject as a whole, gradu- 
ally shades off’ on either side towards the polar regions, where the 
water becomes solid along shore for part of the year, and the coasts 
are often only partially clear in the summer, portions being still 


We would refer for a valuable view of the characteristic plants and animals in- 
habiting the four zones into which the area of the British seas has been divided, to 
the table given by Professor E. Forbes, in his Memoir on the Geological Relations of 
the existing Fauna and Flora of the British Isles, Memoirs of the Geological Survey 
of Great Britain, vol. i., p. 375. 

* When we recollect that under favourable circumstances the officers of our Navy 
and of our Merchant Service, may render great assistance to this inquiry, when 
properly conducted, it is to be hoped that we may eventually obtain, through their 
exertions alone, more extended facts connected with the subject. Under their care 
the dredge might often be applied with advantage ; and if specimens of the animals 
obtained were stowed away safely, properly ticketed, for the examination of com- 
petent naturalists, far more would be known in the next half-century touching the 
distribution of marine life, particularly at depths where surface waves could not so 
act as to drive its remains on shore, than could be accomplished by naturalists alone, 
however zealous. 

During the surveying voyage of H.M.S. Rattlesnake, commanded by the late 
Captain Owen Stanley, R,N., on the coast of Australia and New Guinea, numerous 
valuable observations were made upon the distribution of marine animals in depth, 
and an account of the zones of life, in the regions explored, is contained in the 
“ Narrative” of the voyage by Mr. Macgillivray. 
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subject to the occasional pressure of’ floes and masses of ice. In 
certain intermediate regions all animals and plants inhabiting the 
distance between high and low water mark, with its modifications 
according to the state of the tide, must be adjusted to sustain the 
extremes of a long range of temperature, in order to support the 
atmospheric changes to which they are exposed. The differences 
of temperature observable round the British Islands, notwith- 
standing the advantage of their position, are sufficiently consider- 
able to produce a movement among many marine animals, as is 
well known, so that certain of them are only seen close in shore, 
among the pools left by the tide, in the warmer season. Others 
again appear organized to sustain a considerable change of tempe- 
rature. We have seen the common limpet {Patella vulgaris) 
apparently doing well on our coasts, at temperatures of 92° (close 
to the rock), and of 24°, a range of 68°. As far, therefore, as 
temperature is concerned, such a mollusc could live in the ocean 
waters, and at any depths, in all parts, except in the higher 
portions of the sea during the winter months in the icy regions. 
Its organization is no doubt adjusted to a littoral life, and to 
changes of temperature, as part of the littoral conditions in such 
climates as that of the British Islands, but the amount of change 
which it can in this manner support, may make us careful at 
giving too much importance to temperature alone in the distri- 
bution of marine animal life. Once beneath a moderate depth of 
sea, the mass of water is less acted uj)on by atmospheric influences, 
and the adjustment to the specific gravities of water at different 
temperatures is such as to produce much uniformity in the tem- 
perature of the deeper zones, and minor modifications in those 
above them ; in the warmer regions tending to keep the sea tem- 
peiuturc beneath that of the atmosphere, and in the colder to raise 
that of the water above it As, thcrelbre, the sea level is ap- 
proached, so as a whole must the animuls inhabiting the higher 
zones be adjusted to support changes in tlie temperature of the sea 
in those regions where the summer diflers materially from the 
winter as regards heat. 

Quitting coast conditions, and regarding the ocean beyond the 
depths of 200 or 300 fathoms, we have a large area, on the bottom 
of which we have no reason to suppose any vegetation exists, 
seeing that observations on coasts would lead us to conclude that 
the needful conditions for its growth terminate at comparatively 
very minor depths. All phytophagous marine creatures would not 
be expected beyond their ability to obtain the food fitted for them, 
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while the carnivorous animals have necessarily the power to ex- 
tend vertically and horizontally, far beyond the growth of marine 
vegetation, however tliis vegetation may support the mass of life 
upon which the carnivorous animals have, as a beginning, to feed. 
In the region of the Sargasso weed, we have an example of a float- 
ing vegetation, tending to support animal life, and forming the 
abode of multitudes of marine creatures in the open sea. This, 
however, is an exception to the general fact of the absence of 
marine vegetation in the open ocean, except so far as stray 
portions of sea-weed, borne by currents from coasts, may be 
concerned. 

In the oceanic depths there exist, apparently, conditions under 
which some portions of the remains of the fish, crustaceans and 
molluscs, to be found on the surface above, may be preserA^ed. 
Although much may be consumed and continued in the mass of 
life so inhabiting the surface, from time to time some part ol' tlie 
harder portions of animals may descend to the bottom, assuming 
that the specific gravity oi* such remains be such as to permit 
their fall through the water.* Shells of the lanthim comynunis, 
having a specific grav ity of 2 * 66, and of the Nautilus umhilicatus 
with that of 2 • 64, would, after the flesliy matter of these molluscs 
was decomposed or consumed, and no air entangled in the interior 
of* the shells, be capable of descending to any depths which we 
may consider at all probable in the ocean, supposing its saline con- 
tents not to materially difier in depth, and the compressibility of 
sea water such as experiments upon fresh water would lead us to 
infer. We may thus have the remains of* marine animals scattered 
over the bottom of the ocean floor, in certain localities especially, 
as also those of stray animals drifted from coasts, attached to sea- 
weeds or pieces of wood, both of* which decomposing, the harder 
portions of these animals may fall to the bottom at great depths. 
It can scarcely be supposed that all the logs of wood bored by the 
Teredo, or covered over by the common barnacle, Anatifa striata, 
are drifted on shore, and that they do not often become so decom- 
posed as to j)crmit the descent of the harder parts of these animals 
to the bottom. Indeed we might anticipate a somewhat singular 

♦ With respect to the compressibility of the ocean waters ; according to Poisson 
(Nouvelle Theorie de I’Action Capillaire, p. 277) it would require a pressure equal to 
1100 atmospheres to reduce water six-hundredths of its volume. In the experiments 
of MM. Colladon and Sturm, water not deprived of air, was compressed equal to 
47*85 millionths for each atmosphere, and deprived of air, equal to 4a *65 millionths. 
The experiments of M. Oersted gave a compression of 46*65 millionths for each 
atmosphere. Water containing salts in solution was found, as might be expected, 
somewhat less compressible. 
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mixture of the harder parts of some marine animals in dilferent 
parts of the ocean, especially in the vicinity of islands rising out of 
considerable depths, sucli, for example, as near Hawaii, Mani, and 
other islands of the Sandwich group. 

Returning to the coast, we find with tlie animal life the vege- 
tation on which it feeds, from that exposed to the atmosphere 
at low water, on tidal shores, to that only known by dredging and 
fishing. Those accustomed to examine the rocky shores of tidal seas 
well know how much sea-weed may be cast on shore in the little 
bays and creeks, or be drifted to the larger bays, during and after 
lieavy gales of wind, producing breakers on such coasts, and which 
tear up the marine plants, especially towards low-water mark, 
wliere during calmer times they may have been abundantly pro- 
du(!ed. A sandy bay beyond a long line of steep rocky coast, the 
latter exposed to some heavy gale during the rise and fall of 
several successive tides, so that sea-weeds, detached by the breakers 
from it, are driven by wind and tide into the bay, will be often 
seen by tlic observer to have its beacli covered in various places 
with matted masses of these pbiuts. Frequently, as might be 
expected from the Ibrces employed, these lines of sea-weed are cast 
up higli on the beach, beyond the reach of calmer seas to float them 
ofi: Tliey will there be disposed ol* according to the climate. In 
warm countries, or in tlio suinmcr months of the temperate regions, 
they soon decompose, and their remains, not borne off in a gaseous 
form, bc'comc intermingled with the b(‘acli. An observer, by 
studying tlie sections of sandy beaches exposed by rills or small 
streams of water, may occasionally find irregular layers of blacK 
carbonaceous matter, the lesult of tlie decomposition of masses of 
sea-weeds cast on shore, intermingled with the ordinary sand, and 
in some la^alities, parts of a shingle beach will be seen with an 
abundance of intermixed sea- weed in a (l(*co]nposed or decomposing 
state. He may also find the light mattei * >1 decomposed sea- weeds 
borne to deeper waters in sheltered situations, its entombment in 
such places depending upon the disturbance to Avhlch it may be 
subsequently exposed, and the amount of ordinary sedimentary 
substances wliicb may collect permanently o^ er it. In some localities 
much mud, black with carbonaceous matter thus derived, may be 
accumulated. 

Molluscs, lining among the sca-weeds thus detached and cast on 
shore, are occasionally observed to be entangled amid the plants, 
their harder parts remaining intermingled with the sands or shingles 
after tlie decomposition of the plants, so that the sb.ells of rock- 
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ftequenting molluscs become embedded with those of others living 
in and upon sands. The little Patella pellueida is very commonly 
thrown on shore on our coasts, adhering to the cavity it has made 
for itself at the root of some large fucus, and which, indeed, has 
weakened the power of tlie plant to keep its place, when acted on 
by the sea in heavy gales. It is also very common to find drifted 
marine creatures of other kinds entangled in these masses of* 
detached sea-weeds; on some coasts the remains of cmstaceans 
being abundant. 

With regard to steep coasts, vertical or nearly vertical cliffs 
plunging suddenly into deep water, it may happen that molluscs, 
feeding upon marine plants growing at various depths, and them- 
selves inhabiting different depths, according to their kinds, got 
knocked off by the sea. While those uninjured may again recover 
their positions, a few perish, and their shells be preserved in sand, 
silt, or mud, with the remains of other molluscs living on such 
bottoms ; so that the remains of littoral, shallow, and deep-water 
molluscs become preserved together in the same deposit. Molluscs 
as they die must have their shells washed away by the sea on such 
coasts, and thrown into deep waters. Some acjcount has also to be 
taken of birds picking the animals out of shells which they may 
have obtained upon the rocks at low tide, or have brought fiom 
adjacent bays whore they may have been cast alive or recently 
killed on shore. We liave seen the common oyster-catchers busy 
knocking off and eating limpets upon projecting portions of* steep 
coasts, leaving the shells, all of which, when there is breaker 
action, must have ]x?cn washed into deep water as the tide rose. 
Such circumstances have to be considered upon the steep C(msts 
of the world, of which there is no want, many fathoms of depth 
being found, with occasionally a few projections in different places, 
close along shore, various marine vegetables and animals occupying 
zones of the depths best suited to them. The sea adjoining some 
of the ocean islands, where great depths arc obtained all round, 
may, perhaps, afford some of the best conditions for collecting 
together the remains of marine life which had inliabited different 
zones of depth. 

While the remains of marine animals which have existed in 
different zones of depth, with the mr)difications due to sheltered 
and exposed situations and other variations of conditions, may be 
collected either in the immediate vicinity of, or at no great distance 
from, steep coasts, it is in tidal seas, to the fringes of detribd or 
chemically -formed matter around the chief masses of land, rising 
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above the sea, that we look for the preservation of the great 
amount of organic remains. Indeed, the modifications of the 
actual coasts as to depth, are commonly but variations of the 
manner in which these submarine fringes join the subaerial por- 
tions of* the solid land. Such fringes may be regarded as forming 
extensive plains on the margins of tidal seas (here and there a pro- 
jecting mass of rock rising above them), with usually a somewhat 
gentle slope to the depth of 600 to 1000 or 1200 feet, after which 
they often appear, as a whole, to descend more abruptly. Gentle as 
the slope may be, the differences of depth appear sufficient, as abo^ e 
stated, for the modification of life upon it, so that while some 
animals live near the coast, others keep far out in the deeper 
water. While some portion may be enabled to live at varied 
depths, there exists a mass of life, the remains of which would be 
entombed far from shore in one case, and near it in the other, and 
not commingled, as in the case of steep coasts, and adjoining deep 
seas. A glance at tlie charts of a large portion of* the eastern side ol* 
the American continent will show how far separated, horizontally, 
such masses of remains may be. 

Jjet it, for illustration, be supposed that the f*ollowing map 
(fig. 69) represents an extended line of coast, so that 1, 1 ; 2, 2 ; 


Fig. GO. 

la he <1 e f (j 



i a' h' c' d'e^' y' 


and 3, 3, are parallels of latitude sufficiently distant from each 
(jthcr to render siiriace temperature different enough to be im- 
portant as regards marine life. Let Z Z' be a line of coast extend- 
ing from north to south, and ff^the outer verge of about 100 
fathoms off the same coast, a more sudden increase of depth taking 
place at this depth into the area g g' ; equal depths, or zones being 
represented by the lines a a', h b\ c c\ d d\ and e e\ 

For still further illustration, we have supposed a large river (r) 
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to deliver itself upon the coast Upon such a subaqueous area, 
we have the conditions for the entombment of the -remains of 
the life distributed over it in certain bands, coinciding with 
depths ranging in lines with the coast, and with the power 
of tidal and wave action upon the detritus thrust forward by, or 
carried in mechanical suspension out of, the river, in addition to 
any sedimentary matter directly obtained from the coast. The 
effect of the river waters in rendering the shore water brackish 
would vaiy in depth, according to circumstances, the tendency 
of such waters, from their relative spetdfic gravity, being to float 
above the sea water, and not to be much mingled with the latter to 
any great amount of depth, though, upon the ebb tide, brackish 
water might be carried along shore if the tide took that course. 
Different states of the weather would modify the conditions for 
the mixtuix 2 of fresh and sea waters. Thus during heavy on-shore 
gales of wind, and freshets in the rivers, as are often combined on 
the western portions of the British Islands, the conditions for 
mingling sea and river waters would Ix) more ftn'ourable than 
during calm weatlier. 

Li‘t us suppose the following section (fig. 70) to represent 
ftliougli upon a very exaggerated scale) tliat of the map (fig. 09), 



a h being the sea-level, c, coast, c/, e, f, g, different depths of sea, 
and the more sudden descent into deep water. In tideless seas 
tliese various deptlis would remain undisturbed, except by 
movements arising from the waves produced by the winds above, 
unless, indeed, tliere be currents acting in such seas. In tidal seas 
the case would be so far different, that the level of the sea itself 
would be altered during every tide ; on some coasts making a 
change of* many feet. With this change of level, any motion in 
the waters produced by waves above would also descend more or 
less deep, supposing equal wave action on tlie surface. In addition, 
the sweep of the tidal stream will extend to the depths it may, 
according to conditions, reach, and occasionally an ocean current 
may range sufficiently near a coast to act on the bottom, the shores 
of ocean Islands sometimes offering conditions for the latter. We 
have now to consider that while the shells of molluscs would often 
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remain in the mud, silt, or sand which the animals may frequent, 
penptrating into them to various depths, according to their habits, 
so that such remains are preserved after their death in the position 
usually occupied by the molluscs, numerous other shells remain on 
the surface to be acted upon in the manner of any inorganic 
substance. 

That shells are so scattered about, multitudes brought up by 
the arming of the sounding-lead abundantly attest. Moreover, 
collections of certain species are found to mark particular portions 
of soundings off given coasts. Thus off the shores of the British 
Islands, charts give localities as marked by Hahes teeth, as they 
are termed ; coixunonly nothing else than a multitude of the shells 
of Dentalium scattered over particular areas. Other collections of 
shells arc equally well known. While these shells, scattered over 
the sea bottom, arc often either the entire hard parts of univalves, 
or single and uninjured valves of the bivalves, at other times they 
are crushed or broken. Whether in the one state or the other, 
according to their specific gravities, volume, and form, they will be 
acted upon by streams ol‘ tide, by ocean currents sweeping within 
sufficient depths, or by surface wind-wave action transmitted to the 
bottom. With respect to specific gravities, though there is appa- 
rently much variation in this respect, the floating molluscs being, 
some of them at least, provided with shells of cojnparatively minor 
specific gravity, the range seems something between 2 ■ 67 and 
2*85*. With equal forms and volumes, fragments or rounded 
grains of a great proportion of marine shells would apparently be 
specifically heavier than grains of quartz and rock crystal (2 • 63 
— 2 • 65), of common lelspar (2 53 — 2 * GO), of albite (2 • G 1 — 2 • 68), 


* riic autlior obtained the following specific gravities of a few marine shells some 
years since.— Researches in Theoretical Geology, 18,34, p. 76. 


Argonauta tuherculosus . . . 2*43 

Nautilus umbilicatus . . . . 2*64 

lanthina communis 2*66 

Lithodomus dactylus .... 2*67 

Teredo (great, East Indies) . . 2*68 

Haliotis tuberculatus . . . .2*70 

Cyprina vulgaris 2*77 

Mytiliis bilocularis 2*77 

Strombus gigas 2*77 


Chiton 

. . 2*79 

Pholas crispata .... 

. .2*82 

Cytlierea muculata . . . 

. . 2*a3 

Bulla 

. . 2*83 

Voluta niusica .... 

. . 2*83 

Cassis testiciilus .... 

. .2*83 

Strombus gjbbernlus 

. . 2*83 

Pyrula melongcna . 

. . 2*84 

Tellina rutliala .... 

. . 2*85 


It is not improbable, that if experiments on this head w ere much multiplied, in- 
dividual differences would often be found in the same species. While the shell of the 
Argmavta tuberculoma is lighter than pure Sussex chalk (2*4'.>), and that of Haliotis 
tuberculatus is equal in specific gravity to Carrara marble (2*70), the greater numbers 
exhibit a packing of particles more approaching Arragonite. 


M 
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and of chlorite (2‘71), wliile they would be lighter than mica 
(2-94). 

The forms of shells or their fragments, except they have been 
ground down to rounded grains by breaker action on beaches, com- 
monly agree little with those of the sedimentary matter among 
which they lie superficially mixed. When, therefore, we have to 
regard any movement (rf‘ water around whole shells or their frag- 
ments, their forms become important, as also the mode in which 
they may be exposed to any moving force employed. Thus the 
same shell, if a conical univalve, would offer a different resistance, 
according as it might be placed with its apex or its base to the 
moving water, when acted upon, though we might expect that the 
moving water would soon turn such body, so that its apex would 
be presented to the line of action. With the valve of a bivalve, 
its hold on a bottom of sand or silt would be very different, 
whether it were turned with the margin of the valve downwards, 
or merely rested upon some part of its bombed surface. How far 
the valve of a shell could be transported along the bottom without 
being upset, will depend on very obvious conditions. In all cases 
we have to consider that shells, or their fragments, having a 
specific gravity rarely, perhaps, exceeding 2*85, and often pre- 
senting forms readily moved, arc not difficult of transport in a 
medium of the specific gravity of 1’ 027 — 1 '028. 

Eefcrring to the plan and section above given (figs. 69 and 70), 
the observ^er will liave to distinguish between the remains of those 
molluscs which may die amid the mud, silt, or sand, and so have 
their harder parts preserved in the situations where they live, and 
the remains on the surface of the sea bottom. How far these may 
retain their positions relatively to the zones of depth suited to 
their animals, will depend upon the circumstances above noticed. 
Looking at the subject generally, they would be liable to be moved at 
the depth at wliich surface-wave action could reach, and therefore 
to be moved shorewards in shallow waters ; so that the remains 
of molluscs accumulated near the coast in the zones h a l^V o! V 
(fig. 69), varying in the depths hdyd e (fig. 70), would, at the proper 
depths, have surface- wave action added to tidal streams able to trans- 
port the shells or their fragments, tending to move them on-shore. 
In the outer zone e f (fig 69), and at the depths f g (fig. 70), the 
effects of the tidal movement may not only be little felt, but also 
any action upon the bottom from surface-waters be inappreciable. 
Still further out, in the deep waters g (fig. 69), or k (fig. 70), 
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there may be no movement sufficient to produce transport of loose 
matters on the bottom. There might, therefore, be movements in the 
water producing considerable mixtures of‘ the remains of molluscs 
in shallow situations, extending even to the casting of shells or 
their fragments upon the shore, from depths depending upon 
various local modifications of the causes of transport above noticed. 

On many exposed ocean-coasts we have even the accumulation 
of sandy dunes, composed, lor the most part, of fragments of 
mollusc shells ground down to sand, these cast on shore and dealt 
with by winds in the manner of common sand. The western 
coasts of Ireland, Scotland, and of part of‘ England, afford many 
examples of this fact.* 

The induration of sands formed of comminuted shells has been 
previously mentioned (p. 62), and, as may be expected, such 
indurated sands occasionally include remarkable mixtures of 
organic remains. The rock in which the human bones were dis- 
covered at Guadaloupe would appear to be of this character. Not 
only corals and shells from the neighbouring sea, but terrestrial 
shells also, including the Bulimus guadaloupmsis (Ferussac), are 
preserved in it. Teeth of the caiman, with stone hatchets and 
other remains of human art, arc mentioned as having been found 
in this consolidated sand. 

Tlie study of the manner in wliich the shells of molluscs, and 
tlie harder parts of marine animals generally, are throAvn on shore, 
of* the depths from which they may be borne by the action ol* 
on-shore waves and breakers, and of* the various arrangements 
of whole, broken, or comminuted shells in layers, from their 
accumulation like ordinary detrital matter at various depths in the 
sea to their rejection upon the land, is one which will amply 
reward the observer anxious to compare the manner in which these 
remains are now distributed and arranged with that of the organic 
remains found in fbssiliferous rocks. He may at times see the 


* This shell sand is often employed as manure ; it is known to have been so 
employed in Cornwall in the reign of Henry III. A charter of Richard, King of the 
Romans, granting the liberty of taking this sand for manure, was confirmed by 
Henry HI. (Lysons, “ Mag. Brit.,” Cornwall, p. ccciii, who cites Rot. Chart., 4.') 
Hen. III.) Carew notices the use of it in his Survey of Cornwall (1002), and it is 
largely employed for agricultural purposes to the present day. Mr. Worgan, in 1811, 
estimated the cost of the land carriage of this sand in Cornwall at more than 30,000/. 
per annum. Large quantities are obtained at the Dunbar Sands, in Padstow Harbour, 
the annual amount estimated at 100,000 tons. It has been calculated that .5,600,000 
cubic feet of sand, chiefly composed of comminuted sea-shells, are annually taken from 
the coasts of Cornwall and Devon, and spread over the land in the interior as a mineral 
manure.— Rei)ort on the CJeologj' of Cornwall, Devon, and West Somerset (1839), 
p. 479. 

M 2 
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pushing action of the small wash of the sea driving the larger shells 
and their fragments before it into convenient localities, there 
accumulating in a mass those which may have been distributed by 
breaker action along a line of coast, while at others he will find 
the shells jammed in amid the joints and crevices of rocks so 
firmly that they become difficult to remove. 



CHAPTER X. 


CORAL REEFS AN J) ISLANDS.— DISTRIBUTION OF CORAL ANIMALS.--CHEMICAL 

COMPOSITION OF CORALS. — KEELINO ATOLL. — FORM OF CORAL ISLANDS. — 

BARRIER REEFS.— LAGOON ISLANDS. — ISLE OF BOURBON. 

Great as the accumulations of the harder remains of molluscs may 
be in the sea or on its shores (and regarding the amount of matter, 
cliicfly calcareous, abstracted from the sea or contained in their food 
the volume of these harder remains added annually to connnon 
detrital and chemical deposits must be very considerable), the 
coral accumulations of tropical regions present us with the most 
striking additions, by means of animal life, to the mineral deposits 
now in progress. They have for many years attracted the atten- 
tion of navigators and naturalists, so that much information has 
been obtained respecting them.* 

With regard to the distribution of corals, Mr. Dana states, that 
tJic Astrccacea^ Madreporacea^ and Qemmiporidee among the 
CaryopJiyllacea, are, with few exceptions, confined to the coral- 
reef seas, a region included between the parellels of 28^ north and 
south of the equator, j these corals forming the principal portion of 
the reefs, and being confined to depths within 120 feet from 
the surface. Other corals, as is well known, extend to far 
greater depths, and into colder regions. Sir James Ross, in his 
voyage to the South Polar Regions, obtained live corals from a 

* AVo would more especially call attention to the labours of Mr. Darwin, who has 
not only been personally engaged in the investigation of coral reefs and islands, but 
has also carefully studied the works of navigators and naturalists relating to the 
subject. The results of his investigations are contained in his work, entitled, 
“Structure and Distribution of Coral Islands,’* London, 1842. We would also refer 
to the labours of Mr. Dana, contained in his “ Structure and Classification of 
Zoophytes,” Philadelphia, 1846. Mr. Dana's views arc also founded on the personal 
examination of coral reefs and islands. 

t Locally, coral reefs are found further north and south than 28'^. They extend in 
the Bermuda Islands to lat. 32<’ 15' N., the greatest distance from the equator, as 
Mr. Darwin observes, at which they are known to exist, and to lat. 30® N . in the Red 
Sea. Iloutman’s Abrolhos, on the western shores of Australia, in lat. 29® S., are of 
coral formation. 
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depth of 1620 to 1800 feet off Victoria Land. Mr. Charles Stokes 
notices a species of Primnoa (lepadifera), as found from 900 to 
1800 feet off the coast of Norway ; and Professor E. Forbes a 
species of the same genus from a depth of 1668 feet off Staten 
Land.^ As respects the range of corals, Mr. Dana observes that 
“ Caryophyllidm extend from the equator to the frigid zone, and 
some species occur at the depth of 200 fathoms or more. The 
Alcymaria have an equally wide range with the CaryophylUdw 
and probably reach still higher towards the poles. The Hydroidea 
range from the equator to the polar regions, but are most abundant 
in the waters of the tempemte zone.”t Regarding the distribution 
of species, Mr. Dana states, that of 306 species, 27 only are com- 
mon to the East Indies and Pacific Ocean, while only one species, 
and that with doubt {Meandrina labyrmthica)y is considered to be 
common to the East and West Indies. J 

Mr. Darwin remarks on the entire absence of‘ coral reefs in 
certain large areas in the tropical seas. No coral reefs liave been 
found on the west coast of South America, south of the equator, 
or round the Galapagos Islands ; neither have any been yet noticed 
on the west coast of America, north of the equator. In the central 
parts of the Pacific there are islands free from coral reefs, and 
there do not appear to be any coral reefs on the west coast of 
Africa, or round the islands of the Gulf of Guinea. St. Helena, 
tlie Cape Verde Islands, St. Paul’s, and Fernando Noronha are also 
without such reefs. § 

Regarding the occurrence of corals as a whole, we thus 
see that they may be more or less strewed over a very large 
submarine area, one extending from tlic polar to the equatorial 
regions, some of them kce])ing to small depths within a portion 
of the general area comprised between the parallels of 28*^ nortli 
and south of the equator, and even rising to the surface of' the 
sea in certain parts of that minor area. However great occa- 
sional accumulations of their harder parts may be, under favourable 
conditions elsewhere, concealed beneath the ocean waters, we have 


♦ Sir James Ross, “ Voyage to the Antarctic Regions.” 

t “ Structure and Classification of Zoophytes.” 

X Referring to the causes of distribution and original sites, or centres of distri- 
bution, Mr. Dana observes:— “ There is sufficient evidence that such centres of 
distribution, as regards zoophytes, are to be recognized. The species of corals 
in the West Indies are, in many respects, peculiar, and not one can with certainty 
be identified with any of the East Indies. The central i»arts of tlic Pacific Ocean 
appear to be almost as peculiar in the corals they afford. But few from the Feejees 
have been found to be identical with those of the Indian Ocean.”- “ Structure and 
(dassification of Zoophytes.” 

§ Darwin, Structure and Distribution of Coral Rcclb,” pp. (U, 02. 
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in the masses of dead and living corals which constitute islands and 
reefs, enough to show the geological importance of these animals, 
which thus, from their food and the surrounding waters, secrete a 
mass of matter constituting rocks, so acted upon, under fitting con- 
dition, by the breakers and by atmospheric and chemical influences, 
that dry land rises suflScicntly above the sea to support terrestrial 
vegetation and animal life. 

It would appear that the calcareous secretions* of corals only 
begin to be formed after the last metamorphosis of the young 
animal, one effected when it quits the swimming state and attaches 
itself to some support. Until that time the young can move, by their 
own powers and the transporting action of tidal streams or oceanic 
currents, to situations where, under the needful conditions, they 
can settle and flourish as perfect corals. No doubt myriads of the 
young animals perish, or axe consumed as food, so that a part only 
is available for supplying the loss by death of the old stock, for 
increasing the amount of coral life in localities where it previously 
existed, or for the formation of new colonies. Under all such 
circumstances, if* there bo no cause producing a removal of the 
harder parts of the corals after the death of tlie polyps which 
secreted them, they will accumulate. Portions of the harder parts 
would appear to be destroyed by the animals which feed upon or 
bury tliemselves among the corals while living, others arc broken 
off* by the action of the sea, and some would appear to be taken up 
in solution. In the first case, the portion not required for the 
harder purts of the animals feeding upon the corals appears to be 
thrown down with their faeces amid the coral reefs ; in the seco .d, 
the fragments torn oS by the breakers are distributed, like any 

* Dana, “ Structure and Classification of Zoophytes,” p. 52. Speaking of the 
mode in which the secretions are formed, Mr. Dana observes; — “ In a Madrepora the 
surface between the colls becomes covered by minute points by the continued 
secretions, and then a layer forms, connected with the preceding, by these points 
or columns. The interior usually becomes, aitei 'a ards, nearly solid by additional 
secretions. This variety of structure may be observed also in the DciidrophyUia’ ; 
jind even the compact species, in which there arc im traces of cellules, will often show 
evidence of having been deposited in layers. I ha\c scon it brought out with singular 
distinctness, in a si)ecimen half fossilized. In many corals, however, wo fail to 
detect this deposition in layers. This Is the case in the Astnva tribe. The Pwil- 
lojtortey and some allied corals, have transverse plates crossing the cells internally, 
which are intermitted secretions from the lower part of the polyp ; but no appearance 
of layers has been detected in the spaces between the cells. The Favositesy and many 
Ci/ofhvphyllidtB, are examples of similar interrupted secretions across the cells,” 
(p. 53.) 

Itcspecting the foot secretions, he remarks : — “ The foot secretions appear to be 
entirely independent of the tissue secretions. The former arc often horny when the 
latter arc calcareous, and when they occur together they constitute separable layers, 
ouc enveloping the other. The united ixdyps of a branch have their mouths opening 
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other detritus, also among the reefs ; and in the third, the part not 
appropriated by the living corals, or by other animals, for their 
harder parts, appears to be deposited amid the matter of the reels, 
tending to bind them together, and adding to their solidity. 

From the chemical researches of Mr. B. Silliman, who analysed 
numerous specimens of calcareous corals sent him by Mr. Dana, it 
would appear that, after the animal matter had been separated, 
carbonate of lime formed from 97 to 99 per cent, of the inorganic 
matter wliich remained ; 1 to 3 per cent, being composed of* silica, 
lime (probably united with the silica), carbonate of magnesia, 
fluoride of calcium, fluoride of magnesium, phosphate of magnesia, 
alumina, and iron.* The animal matter varied from 2T1 to 9 '43 
per cent. From many analyses of corals made at the Museum of 
Practical Geology, London, carbonate of lime was found to range 
from 82 to 95*5 per cent., carbonate of magnesia from a mere 
trace to 7*24 per cent., sulphate of lime from a trace to 2*76 per 
cent., and organic matter from 3 to 8*27 per cent. Silica, alumina, 
iron, phosphates, and fluorides were also obtained as in the 
analyses of* Mr. Silliman. As a mass, therefore, wc may regard 
the hard matter secreted by the coral polyps of a re^f* as chiefly 
formed of carbonate of lime, mingled with animal matter, of 
occasionally a notable quantity of carbonate of* magnesia, with a 
minor per centage of other substances, among wliich arc found 
fluorine and phosphoric acid. 

The young of the reef-making coral polyps attaching themselves 
where the needful conditions obtain, t and according to the habits 
and requirements of each species, it becomes important to learn 
how far these may differ, and yet each species aid in building up 
the general mass of a reef*. Mr. Darwin’s detailed description of* 
Keeling, or Cocos atoll, situated in the Indian Ocean in lat. 
12^^ 5' S., affords a valuable view of the manner in which the 


outwards on every side, while the bases are directed inward towards a common 
central, or axial line. The simultaneous secretions of the bases, therefore, must 
necessarily produce a solid axis to the brancli,” p. .54. 

* Dana, Structure and Classification of Zoophytes,’’ pp. 124—131. 

t Respecting the needful conditions for the establishment and distribution of reef- 
making corals, Mr. Couthouy (Boston Journal of Natural History, vol. iv., 1842, and 
American Journal of Science, vol. xlvii., 1844,) and Mr. Dana (American Journal of 
Science, vol. xlv, 1813), independently of the views of each other, refer to the 
temperature of the sea rather than to its depth, as limiting the range of the reef- 
making corals, and attribute the absence of coral reefs in the inter-tropical and eastern 
{M)r(ioijs of the Atlantic and Pacific. to the infiuence of the cool and extra-tropical 
currents which there set in. Mr. Dana limits the distribution of tlie reef-forming 
corals to a temperature of, and almvc, 60'^ Fahr. ; and Mr. C(»uthouy considers that 
they thrive best in water, at a temperature of between 7(1® and 80*^ Fahr. 
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various corals ibrming a reef in those seas are adjusted. Having, 
under favourable eircumstances, reached the outer edge of the reef, 
where the coral was alive, he found i;liat it was almost entirely com- 
posed of living porites, forming great irregular rounded masses 
from four to eight feet broad, and little less in thickness. On the 
furthest mounds which he reached, and over which the sea broke 
with some violence, the polyps in the upper cells were dead, but 
three or four inches lower down they were living. In consequence 
of the check given to their growth upwards, the corals extended 
laterally. Further outwards the porites were all seen to be alive. 
Next in importance is the Millepora complanata, growing in thick 
vertical plates, and forming a strong honeycomb mass, generally of 
a circular form, the marginal plates being alone alive. Between 
these plates, and in the crevices of the reef, a multitude of 
Z()ophytes and other productions flourish, protected by the porites 
and millepora from the breakers. Masses of living coral, apparently 
similar to those of the margin, descend very gi’adually outwards to 
the depth of 60 or 70 feet. The arming of the sounding lead 
brought up fragments oi Millepora alciconiis within these depths, 
and there \^as an impression of an astrsea, apparently alive. 
Examining the fragments thrown on shore by the breakers, the 
porites and a madrepore, apparently M, corymhosa, were the most 
common ; and as tliis coral was not found alive in the hollows of 
the reef, Mr. Darwin concludes that it must occur abundantly in a 
submerged zone outside. Between the depth of 72 and 120 feet 
the arming of the lead came up an equal number of times marked 
by sand and coral. Beneath 120 feet sand was obtained. After 
the depth of 150 feet the outward sides of the reef plunged, at an 
angle of 45®, into the sea, the depth of which was not found at 
2200 yards from the breakers, with a line of 7200 feet in length.* 

Close within the outer margin of the reef, where the coral life 
ceases, three species of nidlipora flourish, either separately or 
mingled together, Ibrming by their successive growth a layer two 
frr three leet in thickness, of a reddish colour. This layer fringes 
the reef for about 20 yards in width, constituting a continuous 

* Darwin, “ Structure and Distribution of Coral Itee^s," pp. 6—8. “ Out of 25 
soundings,” observes Mr. Darwin, “ taken at a greater ih'pth than 20 fathoms, every 
one showed that the bottom was covered with sand; whereas, at a less depth than 
12 fathoms, every sounding show ed that it was exceedingly rugged, and free from all 
extraneous particles. Two soundings were obtained at the depth of 360 fathoms, 
and several between 200 and 300 fathoms. The sand brought up from these depths 
consisted of finely-triturated fragments of stony zooph^ tes, but not, as far as I could 
distinguish, of a particle of any lamciliform genus : fragments of shells were rare.” 

“ .At a distance of 220(.) yards from the breakers, Captain Fitzroy found no bottom 
with a line of 7200 feet in length ; hence the submarine slope of this coral formation 
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smooth convex surface, when the corals are united into a solid 
margin, and forming a protecting breakwater.* 

The form of this atoll will be seen by the subjoined plan, 
(fig. 71.) t The reef is broken by two open spaces, through 

Pig. 71. 



one of which ships can enter ; it varies from 250 to 500 yards in 
breadth, with a level surface, or one very slightly inclined towards 
the interior lagoon, and at high tide the sea breaks entirely over 

is steeper than that of any volcanic cone. Off the mouth of the lagoon, and likewise 
off the northern point of the atoll, where the currents act violently, the inclination, 
owing to the accumulation of sediment, is less. As the arming of the sounding-lead 
from all the greater depths showed a smooth sandy bottom, I at first concluded 
that the whole consisted of a vast conical pile of calcareous sand ; but the sudden 
increase of depth at some points, and the circumstance of the line having been cut, os 
if rubbed, vrhen between 500 and 600 fathoms were out, indicate the probable exist- 
ence of submarine cliffs,” pp. 8 — 9. 

* “ These nulliporee,” observes Mr. Darwdn, although able to exist above the 
limit of true corals, seem to require to be bathed during the greater part of each 
tide by breaking w'ater, for they ore not found in any abundance in the protected 
hollows on the back part of the reef, where they might be immersed, either during 
the whole or an equal proportional time of each tide. It is remarkable that organic 
productions of such extreme simplicity, for the nulliiwra undoubtedly belong to one 
of the lowest classes of the vegetable kingdom, should be limited to a zone so jiecu- 
liarly circumstanced,” p. 9. 

t An interesting selection of plans of coral reels, either surrounding mountainous 
islands or forming atolls or lagoon islands, among whicli tliat of Cocos or Keeling 
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those parts which do not rise into islets on its surface. Pocillopora 
verrucosa is a connnon coral in the hollows, as also a madrepore, 
closely allied or identical with M. poeillifera. When the breakers 
are, by the formation of an islet, prevented from washing entirely 
over the reef, and channels and hollows are filled up, a hard 
smooth floor is formed, uncovered only at low water, and strewed 
with a few fragments tom off during heavy gales. The islets 
which are formed by an accumulation of fragments, about 200 or 
300 yards from the outer edge of the reef, vary in length from a 
few yards to several miles, with an ordinary breadth of less than a 
quarter of a mile. On the windward side of the atoll the increase 
of the islets is by the addition of fragments thrown on their outer 
sides by the breakers, the highest part thus formed rising from six 
to ten feet above ordinary high-water mark, and upon this there 
may be hillocks of blown sand, some of which rise to an elevation 
of 30 feet. On the leeward side of the atoll, from the sweep of 
the wind across the lagoon, the little breakers thus formed cast up 
sand and fragments of thinly-branched coral from the lagoon on 
the inner sides of the islets in that part of the atoll, thus adding to 
them inwards. These islands are lower than those to windward, 
though broader. The fragments beneath the surface are cemented 
into a solid mass, so as to form a ledge from two to four feet high, 
from being worked by the breakers acting beyond ordinary liigh 
water. Cliemical changes take place occasionally among the cal- 
careous fragments thus cemented together, so that the altered 
coral passes gradually into spathose limestone.* 

The lagoon within is necessarily a sheltered situation, and Is 

Island is one, will be found in Plates 1 and 2 of Mr. Darwin’s work on the Structure 
and Distribution of Coral llcefs ; and a most valuable map in the same work, showing 
the distribution of the different kinds of coral reefs, with the position of active vol- 
canos in the Indian and Pacific Oceans. 

* The fragments of coral which are occasionally cast on the ‘ flat,’ arc, during 
gales of unusual violence, swept together on the beach, where the waves each day at 
high water tend to remove and gradually wear them down ; but the lower fragments 
having become firmly cemented together by the percolation of calcareous matter, 
resist the daily tides longer, and hence project as a ledge. The cemented moss is 
generally of a white colour, but in some few parts reddish from ferruginous matter ; 
it is very hard, and is sonorous under the hammer ; it is obscurely divided by scams, 
dipping at a small angle seaward ; it consists of fragments of tlic corals which grow 
on the outer margin, some quite and others partially rounded, some small and others 
two or three feet across ; and of masses of previously formed conglomerate, tom up, 
rounded, and re-cemented ; or it consists of a calcareous sandstone, entirely composed 
of rounded particles, generally almost blended together, of shells, corals, the spines 
of echini, and other such organic bodies.” “ The structure of the coral in the conglo- 
merate has generally been much obscured by the infiltration of spathose calcareous 
matter; and T collected a very interesting series, beginning with fragments of 
unaltered coral, and ending with others where it was impossible to discover with the 
naked eye any trace of organic structure. In some si>ecimcns I was unable, even 
with the aid of a lens and by wetting them, to distinguish the boundaries of the 
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described as much more shallow than those of atolls of considerable 
size. About half the area consists of sediment, including mud, 
and half of coral reefs, the corals composing the latter having a 
very different aspect from those on the outside, and being very 
numerous in kind.* The sediment from the deepest part of the 
lagoon was like a very fine sand when dry, though it appeared 
chalky when wet. Mr. Darwin points out that much fine sedi- 
ment may be supplied by means of the excrements of the scarus 
and holuthuriae, which feed on the coral ; large shoals of two 
species of the former, one of which inhabits the lagoon while tlie 
other keeps outside, feeding entirely on the corals, while swarms 
of various species of holuthuria browse upon the lagoon corals. 
“ The amount of coi'al ycai'ly consumed and ground down into the 
finest mud by these several creatures, and probably by many other 
kinds, must be immense.” t The tide flows in and out of the 
lagoon through the channels, and the latter also cany out the 
water thrown over the reefs by the breakers. 

Thirty-two coral islands in the Pacific Ocean were examined by 
Captain Becchey;t they were of various shapes, and 29 had 
lagoons in their centres. The dry coral forming islets on the reefs 
is rarely elevated more than two feet above the sea when divested 
of any sandy matciials heaped upon it, and but for the abrupt 
character of the outer margin would be inundated by the breakers. 
Captain Becchey found in the islands seen by him no instance in 

altered coral and spathose limestone. Many even of the blocks of coral lying loose 
on the beach had their central parts altered and infiltrated.” Darwin, “ Structure of 
Coral Reefs,” p. 12. 

Mr. Beete Jukes mentions masses of meandrina, six or eight feet in diameter, 
turned upside down, and much worn, as torn by the force of the breakers from their 
places of growth on the weather edge of a coral reef, and driven 200 to 300 yards 
inwards. “ Narrative of the Voyage of the ‘Fly,’ 1847.” 

* “ Meandrina, however, lives in the lagoon, and great rounded masses of this coral 
arc numerous, lying quite or almost loose on the bottom. The other commonest 
kinds consist of three closely-allied species of true Madrepora in thin branches ; of 
Seriat(^)ora suhulata ; two species of I’orites, with cylindrical branches, one of which 
forms circular clumps, with the exterior brandies only alive ; and, lastly, a coral, 
something like an Explanaria, but with stars on both surfaces, growing in thin, 
brittle, stony, foliaccous expansions, especially in the deeper basins of the lagoon. 
The reefs on which these corals grow' are very irregular in form, are full of cavities, 
and have not a solid flat surface of dead rock, like that surrounding the lagoon ; 
nor can they be nearly so hard, for the inhabitants made with crowbars a channel 
f)f considerable length through these reefs, in which a schooner, built on the south- 
east islet, w'as floated out. It is a very interesting circumstance, pointed out to us by 
Mr. T..ci8k, that this channel, although made less than ten years before our visit, w as 
then, as we saw, almost choked up with living coral, so that fresh excavations would 
be absolutely necessary to allow another vessel to pass through it.”— Darwin, 
“ Structure,” &c., p. 13. 

t Darwin, “Structure of Coral Reefs,” p. 14. 

X “Narrative of a Voyage to the Pacific and Behring’s Straits, &c., in the years 
182r), 2C, 27, ami 28.” London, 1831. 
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which the strip of dead coral exceeded half-a-mile from the usual 
wash of the sea to the internal lagoon. In general it was only 300 
or 400 yards. “ Beyond these limits, on the lagoon side in par- 
ticular, when the coral was less mutilated by the waves, there was 
frequently a ledge, two or three feet under water at high tide, 30 
to 50 yards in width; after which the sides of the island de- 
scended rapidly, apparently by a succession of inclined ledges 
formed by numerous columns united at their capitals, with spaces 
between them, in which the sounding-lead descended several 
fathoms.”* The windward sides of* the reefs and islets upon 
them are higher than the others, the islets not unfrequently well 
wooded,t while, on the opposite sides, the reefs are “ half drowned ” 
or wholly under water. The breaks or entrances into the lagoons 
generally occur on the leeward side, though they are sometimes 
found in a side that runs in the direction of the wind, as at Bow 
Island. The points or angles of the islands were found to descend 
less abruptly than the sides. The lagoons vary in depth, from 20 
to 28 fathoms being found in those which were entered, though 
the appearance of the water in others would lead to the inference 
that they were very shallow. Tlic accompanying figures are the 
sections given by Captain Beechey as affording a general view of 
these coral islands. Fig. 72 is a section across one about five 
miles wide ; a a being dry islets on the reef; h b, lagoon ; and c c, 
open ocean ; and fig. '/3 a section across an islet and part of a 
lagtx)n, with the slope towards the sea, A13 being the habitable 
part of the island ; a b, water line ; a //, general descent seawards 
towards the points; ai, general descent at the points; CC, pa^t 
of the lagoon ; DD, coral knolls in the lagoon ; Z, tlie ocean ; 88 
soundings on coral. J 

While the coral reefs above mentioned exhibit no traces of rocks 

* “ Narrative cf a Voyage to the Pacific and Dohring’s S:rait&«, &c , in the 3 'ears 
1825, 26, 27, and 28.” Vol. i. p. 256. London, 1831. 

t With respect to the vegetation on Bow Islund. Mr. Collie mentions that the 
pandanus and pcmpliis grow in tlie sheltered parts of tlio plain between the ridges ; 
that the loose dry stones of the first ridge are penetrated by the roots of the tefano, 
which rises into a tall spreading tree, accompanied by the suriuna and tournefortia, 
under the shelter of which the achyrunihus and lepidiuin thrive best. Be)ondthe 
first ridge the scjvvola flourishes. ‘‘ Beecliey's Voyage." vol. i., p. 248. At Ducie’s 
Island the trees are stated to rise 14 feet, making, with the island. 12 feet above the 
sea, 26 feet from its level. Ibid, vol, i. p. 5y. 

t Captain Beechey gives a more detailed account of Matilda and Bow Islands than 
of the others. The windward side of the former ‘‘ is covered by tall trees, while that 
to leeward is nearly all under water. The dry part of the chain enclosing the lagoon 
is about a sixth of a mile in width, but varies considerably in Us dimensions ; the 
broad parts are furnished with low mounds of sand, which have been raised by the 
action of the waves, but are now out of their reach, and mostly covered by vegetation. 
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further than those formed by the consolidation of the matter, 
chiefly calcareous, secreted by the polyps or derived from it, and 
distributed chemically and mechanically, other reefs surround 
islands or groups of islands formed of different rocks, or range 
along the shores of seas, such as the Red Sea, or those of large 
masses of land, as on the east coast of Australia. While the reefs 

The violence of the waves upon the shore, except at low water, forces the sea into the 
lake at many points, and occasions a constant outset through the channel to leeward. 

“ On both sides of the chain the coral descends rapidly ; on the outer part there is 
from 6 to 10 fathoms, close to the breakers ; the next cast is 30 to 40 ; and, at a little 
distance, there is no bottom with 250 fathoms. On the lagoon side there are two 
ledges ; the first is covered by about three feet at high-water : at its edge the lead 
descends three fathoms to the next ledge, which is about 40 yards in width ; it then 
slopes to about 5 fathoms at its extremity, and again descends perpendicularly to 10; 
after which there is a gradual descent to 20 fathoms, w’hich is the general depth of the 
centre of the lagoon. The lake is dotted with knolls or columns of corals, which 
rise to all intermediate heights betw’cen the bottom and the surface.” “Voyage,” 
&c., vol. i.,p. 218. 

“ Bow Island is 30 miles long by an average of 5 miles broad. It is similar to the 
other coral islands already described, confining within a narrow band of coral a 
spacious lagoon, and having its windward side higher and more wooded than the 
other, which, indeed, with a few clusters of trees and heaps of sand, is little better 
than a reef. The sea in several places washes into the lagoon, but there is no passage, 
even for a boat, except that by which the ship entered, which is sometimes dangerous 
to boats, in consequence of the overfalls from the lagoon, especially a little after the 
time of high-water. 

“ The bottom of the lagoon is in parts covered with a fine white sand, and is thickly 
strewed with coral knolls, the upper parts of which overhang the lower, though they 
do not at once rise in this form from the bottom, but from small hillocks. We found 
comparatively few beneath the surface, though there are some : at the edge of such as 
are exposed there is usually six or seven fathoms of w ater ; receding from it, the lead 
gradually descends to the general level of about 20 fathoms. The height of w'ater in 
the lagoon is subject to the variations of the tides of the ocean ; but it suffers so 
many disturbances from the waves, which occasionally inundate the low parts of tlie 
surrounding land, that neither the rise of the tide nor the time of high-water can ne 
estimated with any degree of certainty. The strip of low land enclosing the lagoon 
is nearly 70 miles in extent, and the part that is dry is about a quarter of a mile in 
width. On the inner side, a few yards from the margin of the lake, there is a low 
bank formed of finely -broken coral ; and at the outer edge a much higher bank of 
large blocks of the same material, long since removed from the reach of the waves, 
and gradually preparing for the reception of vegetation. Beyond this high bank there 
is a third ridge, similar to that skirting the lagoon ; and outside it again, as well as 
in the lagoon, there is a wide shelf, three or l\mr feet under w’ater, the outer one 
bearing upon its surface huge masses of broken coral, the materials for an outer bank, 
similar to the large one just described.” “ Voyage," t^c., vol. i., p. 245, 246. 

Mr. Bcete Jukes (“ Narrative of the Voyage of the ‘ Fly ’ to Torres Straits, &c., 
1847”) presents us w ith the follow ing description of one kind of small coral island as 
seen from the mast-head : — “ A small island, with a white sand beach and a tuft of 
trees, is surrounded by a symmetrically open space of sliallow w'ater of a brightgrass- 
green colour, inclosed by a ring of glistening surf, as white as snow, immediately out- 
side which is the rich dark blue of deep water. All the sea is perfectly clear of sand 
and mud ; even w here it breaks on a sand beach it retains its perfect purity.” “ It is 
this pert'ect clearness of the w ater which makes navigation among coral reefs at all 
practicable, as a shoal with even five fathoms water on it can be discovered at a mile 
distant from a ship’s mast-head, in consequence of its greenish hue contrasting with 
the blue of deep water.” 
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touch the land in some places, they are removed from it in 
others ; and many present the appearance of the lagoon islands — 
land either in one mass or in several masses rising through the 
interior lagoon. Mr. Darwin has plassed these various modes of 
occurrence into atolls, or lagoon islands, barrier reels, and fringing 
or shore reefs.* 

The following map (fig. 74) of the Gambler’s group, f may 
be taken in illustration of the barrier reefs, and as also showing 

Fig. 74. 



coral reefs fringing the contained islands. All the interior islands 
are steep and rugged. Mount Duff, on the largest, rising to tlie 
height of 1248 feet, and they would appear to be of igneous 
origin.^ The outside reef on the north-east, the windward side, 

* Wc would refer to Mr. Darwin’s work, “Structure and Distribution of Coral 
Reefr,” for great detail respecting the different kinds of reefs. 

t Reduced from that given by Captain Beechy, “ Voyage to the Pacific and 
Behring’s Strait,” vol. i. 

X They are described as com]K)8cd of porous basaltic lava, soxnetiroet passing 
into tufaceous slate, at others into a columnar basalt. Dikes cutting the mass were 
observed. 
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has portions raised above the sea, bearing trees and, other plants, 
while in the opposite direction it dips 30 or 40 feet beneath the 
sea. The outer sides plunge, as usual, into deep water, while the 
inner descend gradually to 120 or 150 feet. Patches of coral are 
scattered over the lagoon, and adhere as fringing reefs to the steep 
islands rising out of it. On the larger island the coral reef ren- 
dered the water so shallow, that the larger boats could not come 
within 200 yards of the landing-place. 

The annexed plan (fig. 75) of Ari Atoll, one of the Maldiva 
Islands,* exhibits a modification of those coral islands which have 
a general reef surrounding a lagoon. Here a number of reefe form 
an outer line, and the interior is occupied by a number of others. 
Many of these are ring-formed, so that the general group reminds 
us of many minor atolls, rising above an area of* a tabular character, 
round which the sides plunge rapidly into deep water. The com- 
mon depth between these reefs and islets, some rising above the 
level of the sea, varies from 150 to 200 feet, and in the basins of 
the ring-form detached reefs from 24 to 60 feet. According to 
Captain Moresby, the central and deepest part of the lagoons in 
the Maldiva Islands is formed of stiff clay, of sand near the border, 
and of hard sand-banks, sandstone, conglomerate, rubble, and a 
little live coral in the channels of the reef.f The other large 
islands, or rather groups of islets and reefs, of the Maldives, present 
the same general characters, while the smaller, one of which (Ross 
Atoll) is represented in the following page (fig. 75, a), offers the 
usual atoll character. 

From the observations of Mr. Darwin on part of the coral reefi 
of the Mauritius, it would appear that the edge of the reef is 
formed of great masses of branching madrepores, chiefly M, corym- 
hosa and M, pocilliferay mingled with a few other kinds of coral. 
To the depth of 48 feet, the coral ground appeared free from sand ; 
but from that depth to 90 feet a little calcareous sand was brought 
up by the arming of the sounding-lead ; more frequently, however, 
it came up clean. The two madrepores above mentioned, and 
two species of astraea, with large stars, seemed the commonest corals 
for the whole of this depth. Some fragments of Millepora alcU 
comis were brought up, and in the deeper parts were large beds 
of a seriatopora, allied to, but differing from, S. mbulata. From 

* Reduced from the chart of the Maldives, by Captain Moresby and Lieutenant 
Powell. 

t As stated by Captain Moresby to Mr. Darwin. “ Structure,” &«., p. 34. Captain 
Moresby informed Mr. Darwin that Millepora complanata was one of the commonest 
kinds of corals on the outer margin of reefs of the Maldives. Ibid. p. 33. 

N 
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90 to 120 feet the bottom, with few exceptions, was covered by 
sand, or strewed with seriatopora. From 120 to 198 feet, the 
soundings showed a sandy bottom, with one exception, at 180 
feet, when the arming came up as if cut by the margin of a large 
caryophyllia. On the beach, the rolled fragments consisted chiefly 
of madrepores and astrasa of the smaller depths, of a massive 
porites, like that at Keeling atoll, of a meandrina, Podllopora 
verrmosa^ and of numerous fragments of nullipora.* 

The reef surrounding the Mauritius, excepting in two or 
three parts where the coast is almost precipitous, t generally 
ranges at a distance of one, two, or even three miles from the 
shore. Opposite every river and streamlet the reef is, as is 
common, breached, and the slope outside the reef seems generally 
to be moderate, bearing a relation to the slope of the adjoining 
land. 

The Isle of Bourbon is also surrounded by coral reefs, only 
broken through at the embouchures of the rivers, and opposite the 
cliief ravines. M. Siau, who had excellent opportunities of observ- 
ing these reefs in 1839 and 1840, has stated J that the channels 
or passages through the reefs are kept open by the streams of fresh 
water passing outwards through them, and that they would be 
otherwise soon filled up. As it is, they are considered to have 
decreased in size, in consequence of a diminished quantity of rain 
having, of late years, lallen upon the Isle of Bourbon. These 
channels being, as usual in such situations, the passages to road- 
steads behind the reefs, their condition is a constant subject of 
attention, and, as illustrative of the quick growth of certain at 
least of the reef-making corals of that locality, M. Siau mentions 
that, in one of the channels (that of the Eiviere d’Abord), a coral 
rock has risen from the bottom, and in the middle of it, to the 
height of 29 leet (English) in 12 years. M. Siau§ presents us 


* Darwin, “ Structure of Coral Reefs.” t Darwin, Ibid. 

X Comptes Rendues, tom. xii., 1841. 

§ M. Siau observes, that “ the labours of the coral polyps are as varied as the 
species. Some (and these are the most widely spread) establish themselves by 
families at the bottom of the sea, on a volcanic or any other rock, unattackable 
by the action of the waves. Each family constructs a detached boss (mamelon) 
which may rise to the height of two or three yards by the labours of many gene- 
rations. These bosses are known in the country by the name of pdte» de coraux. 
The bottom is thus covered by bosses, which most frequently join, touch, or 
approximate to each other, sometimes leaving open spaces between them, into 
which (coral) sand and shingle are washed by the sea. Such spaces are known as 
rigoles de sables. 

Upon this fresh bed new families establish themselves, constructing another 
bed. The latter are independent of the former. Sometimes they entirely repose 

N 2 
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90 to 120 feet the bottom, with few exceptions, was covered by 
sand, or strewed with seriatopora. From 120 to 198 feet, the 
soundings showed a sandy bottom, with one exception, at 180 
feet, when the arming came up as if cut by the margin of a large 
caryophyllia. On the beach, the rolled fragments consisted chiefly 
of madrepores and astrasa of the smaller depths, of a massive 
porites, like that at Keeling atoll, of a meandrina, Podllopora 
verrucosa, and of numerous fragments of nullipora.* 

The reef surroimding the Mauritius, excepting in two or 
three parts where the coast is almost precipitous,! generally 
ranges at a distance of one, two, or even three miles from the 
shore. Opposite every river and streamlet the reef is, as is 
common, breached, and the slope outside the reef seems generally 
to be moderate, bearing a relation to the slope of the adjoining 
land. 

The Isle of Bourbon is also surrounded by coral reefs, only 
broken through at the embouchures of the rivers, and opposite the 
cliief ravines. M. Siau, who had excellent opportunities of observ- 
ing these reefs in 1839 and 1840, has stated J that the channels 
or passages through the reefs are kept open by the streams of fresh 
water passing outwards through them, and that they would be 
otherwise soon filled up. As it is, they are considered to have 
decreased in size, in consequence of a diminished quantity of rain 
having, of late years, fallen upon the Isle of Bourbon, These 
channels being, as usual in such situations, the passages to road- 
steads behind the reefs, their condition is a constant subject of 
attention, and, as illustrative of the quick growth of certain at 
least of the reef-making corals of that locality, M. Siau mentions 
that, in one of the channels (that of the Eiviere d’Abord), a coral 
rock has risen from the bottom, and in the middle of it, to the 
height of 29 feet (English) in 12 years. M. Siau§ presents us 


* Darwin, “ Structure of Coral Beefs.” t Darwin, Ibid. 

X Comptes Rendues, tom. xii., 1841. 

§ M. Siau observes, that “ the labours of the coral polyps are as varied as the 
species. Some (and ^ese are the most widely spread) establish themselves by 
families at the bottom of the sea, on a volcanic or any other rock, unattackable 
by the action of the waves. Each family constructs n detached boss (mamelon) 
which may rise to the height of two or three yards by the labours of many gene- 
rations. These bosses are known in the country by the name of pate'g de contux. 
The bottom is thus covered by bosses, which most frequently join, touch, or 
approximate to each other, sometimes leaving open spaces between them, into 
which (coral) sand and shingle are washed by the sea. Such spaces are known as 
riffolea de sables. 

Upon this fresh bed new families establish themselves, constructing another 
bed. The latter are independent of the former. Sometimes they entirely repose 

N 2 
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with a very interesting account of the mode of growth of the 
reef-making corals of this island, showing the establishment of 
a series of coral bosses upon each other, with the admixture 
of coral sand, and shingle, in the interstices between them, up to 
the level of the sea, where the labours of the reef- making coral 
polyps terminate. 


on the first patei^ sometimes on the rigoles^ so as to conceal them ; sometimes an 
isolated pa^ completely covers a primitive rigole. The spaces between this second 
bed are also converted into rigoles^ the sea throwing in sand and small shingles. 
Above this second bed other generations raise a fourth and a fifth, and thus the mass 
is formed of those immense reefs so common in intertropical seas. 

‘‘It would be vrrong to conclude, from the description given, that the beds 
thus formed have a uniform thickness. It should be understood that very great 
differences exist in the height of the pates^ and that the entire reef would present 
a shapeless and divided assemblage of superimposed monteculcs, the interstices 
between them filled with sand and shingles, their contiguous portions joined together 
by a coral cement 

“ The corals of which we have spoken are the most common, forming the mass of 
the reefs. The coral produced is grey, very compact, of a very close grain, and often 
harder than marble. This coral is not worked away by the waves, and is not entirely 
soluble in acids. Upon the firm base of the bosses, above described, a variety of 
small and delicate corals, of different kinds, establish themselves. It is these fragile 
corals which alone furnish the white sand and shingles to the shore and the ripoles, 
and they are entirely soluble in acids.’* 

The same author remarks upon the depths agitated by the waves, and infers 
(Comptes Rendues, tom. xii., p. 775) that he had evidence of that action at the depth 
of 578 French feet (616 English feet), on the north-west of the roadstead of St. Paul, 
Isle of Bourbon. It will be obvious that, in such researches, the friction on the 
bottom, by tidal streams, and ocean currents, has carefully to be distinguished from 
the movement produced among the particles of water beneath by the action of sur- 
face wind-friction waves above. Whatever the cause of motion in the superficial 
parts of the sea bottom, either from surface-wave action, or the friction of tidal 
streams, or ocean currents, the observation of M. Elie de Beaumont (appended to 
M. Siau’s Paper), respecting an inquiry as to the depths at which fxed animals are 
found upon bottoms liable to this motion, such animals depending for their food 
upon the prey which may pass them, is equally important. 



CHAPTER XL 


GRKAT BARRIER REEF OF AUSTRALIA. — CORAL REEFS OF THE RED SEA. — 
CONDITIONS FOR THE OCCURRENCE OF CORAL REEFS. — INFLUENCE OF 
VOLCANIC ACTION ON CORAL REEFS. — COMPOSITION OF CORAL-REEF AC- 
CUMULATIONS. — INFLUENCE OF CHANGES IN THE LEVEL OF SEA AND 
LAND. ^REEFS NEAR BERMUDA. 

The Great Barrier Reef, extending off the east coast of Australia 
for about 1100 miles, with a mean breadth of about 30 miles, from 
Breaksea Spit, in lat. 24® 30' S., and long. 153® 20' E., to Bris- 
tow Island in lat. 9® 15' S., and long. 143® 20' E. off the coast of 
• New Guinea, presents an area of about 33,000 square nules, chiefly 
covered with organic, mechanical, and chemical accumulations 
resulting from the secretions of the coral polyps. This great mass 
is broken northwards by the influence of river waters discharged 
from the south-eastern portion of New Guinea, carrying detritus 
Avith them, and covering the bottom of the adjacent seas with a 
muddy sediment. These conditions ceasing, we find the great 
coral accumulations continued to Louisiade, thus extending the 
surface, allowing for the great break above mentioned, over many 
more thousands of square miles. 

The survey of Torres Straits, between Australia and New 
Guinea, by Captain Blackwood, has added materially to our know- 
ledge of the Great Barrier Reef, and Mr. Becte Jukes, naturalist to 
the expedition, has afforded us very valuable information respecting 
it.* He divides the coral accumulation into — 1st, linear reefs, 
forming the outer edge, or actual barrier ; 2nd, detached reefs, 
lying outside the barrier ; and 3rd, inner reefs, or those which lie 
between the barrier and the shore. With respect to the linear 
reefs, they are described as generally long and narrow, more or 
less parallel to the coast of Australia, and separated by narrow 

* “ Narrative of the Surveying Voyage of H.M.S. ‘Fly’ commanded by Captain 
Blackwood, R.N., in Torres Strait, New Guinea, &c.” By J. Beete Jukes, M[.Al., &c. 
London, 1847. 
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breaks or passages, varying from 200 yards to a mile in width, 
and from half a mile to 15 miles in length. They have commonly 
great depths of water on the ocean side, lines of 100 or 200 fathoms 
rarely finding bottom close to the reefs, while the depths inside 
generally vary from 60 to 120 feet. The detached reefs occur 
only in one locality — somewhat in front of Cape Grenville, Australia 
(if we except the reefs eastward of the Great Barrier, eastward of 
Torres Strait^, rise from deep water all round, and have more 
or less of a circular form, with lagoons inside. The inner reefs are 
very numerous, scattered over the platform beneath the more shallow 
water between the outer reefs and the coast of Australia, sometimes 
leaving an open channel between them and the land on the one 
side, or the barrier on the other. They are of difierent forms, 
have sometimes gradual slopes around, and at others are steep- 
sided.* 

Mr. Beete Jukes observes, that up to about lat. 21° 10', at 
Swain’s Beefs, it can scarcely be said that any true barrier exists, 
there being merely a bank of soundings off the shore, “ with large 
masses of coral reef settled upon it, and within its outer boundary, 
— almost equally large clear spaces intervening between the dif- 
ferent groups of reefs. In Swain’s Reefs, the individual reefs on 
the outer edge of the group can scarcely be distinguished in form 
from those inside them, although they may have a little more 
linear shape, and their greatest length runs more invariably along 
the line of the boundary of the group. It is only at their northern 
extremity that they assume one of the characteristics of a true 
barrier, that of rising like a wall from a deep and almost fathomless 

♦ Beete Jukes, “Surveying Voyage of the ‘Fly,’ ” vol. i., pp. 317-18. Mr. Bcetc 
Jukes gives a detailed account of the range of coral accumulations from Breaksca 
Spit (vol. i., pp. 318-332). Respecting the most southern portion, it is stated, that 
“ from Sandy Cape (Australia), a sandy shoal runs out, partially covered by coral, as 
it proceeds outwards. It is formed of siliceous sand, with 10 or 20 fathoms of water 
upon it, sloping to 30 fathoms, after which it plunges into deep water. At the Capri- 
com Group, about hOmiles more northward, all — even the smallest grains of sand was 
calcareous, and so it seemed to continue to the sedimentary matter brought down by 
the New Guinea rivers, eastward of Torres Strait. 

“ North of the parallel of 23® 10’, there is an open space of sea, in which no reefs 
occur, about 50 miles wide from north to south ; and the liank of soundings instead 
of being a steep, well-defined edge, slopes out very gradually far to the eastward. 
The flat of about 20 fathoms, extends out as usual from the mainland for about 30 or 
40 miles, and then gradually deepens, till 70, 80, 00, and IJK) fathoms are successively 
attained, 20 or 30 miles eastward of the boundary of the line of soundings, os It exists 
to the southward. The character of the bottom likewise changes from a c<»ar8c coral 
to the finest possible mud, of a light olive-green colour, in which the lead often 
wholly buried itself on reaching the bottom. This, when dried, was also entirely 
calcareous, and wholly soluble in muriatic acid.”—Ibid. vol. i., p. 320. 
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sea.”* To the northward the reefs become more numerous. Where 
the detached reefs occur opposite Cape Grenville is a great bay in 
the barrier, with very deep water, a line of 1710 feet having failed 
to strike the bottom on its southern side, four miles inside the 
reefs forming the bay. Near this bay Yules’ Detached Reef rises 
from an unknown depth, greater than 600 feet, and appears to have 
a lagoon in its centre. The Great Detached Reef rises on the 
northward of this reef, also from a great depth, containing a lagoon 
with 180 feet of water in it. 

Raine’s Islet is also another detached reef rising with steep sides (in 
one place at an angle of 55®) from deep water. Bott<^m was found at 
960 feet one mile north of the islet, and at 1080 feet two miles 
and a half north-east of it. On the southern side, bottom was not 
found until close to the breakers of the Great Barrier Reef, when 
fine coral sand was brought up from 1050 and 1200 fcet.f Pandora’s 

♦ “ Between Swain’s Reefs and the mainland there is a space of .'K) to 60 miles 
wide, clear of reefs, with a depth of 30 to 50 fathoms.” — Beete Jukes, “Surveying 
Voyage of the ‘ Fly,’” vol. i., p. 321. 

t Raine’s Island is described as about 1000 yards long and 500 wide, rising in no 
part more than 20 feet above high-water mark. “ It is formed of a plateau of cal- 
careous sandstone, which has a little cliff all round, 4 or 5 feet high, outside of which 
is a belt of loose sand, forming a low ridge between it and the sea. Some mounds of 
loose sand also rest upon the stone, especially at its western end. The length of tlic 
island runs in about a N.N.W. and S.S.E. direction. It is surrounded by a coral reef, 
that is narrow on the lee side, but to windward, or towards the east, stretches out for 
nearly two miles. The surface of this reef is nearly all dry at low water, and its sides 
slope rapidly down to a depth of 1.50 or 200 fathoms.” “ The island is covered with a 
low scrubby vegetation,” and “ the central part of the island had a rich black soil 
several inches deep.” The stone forming the base of the island is described as “ made 
up of small round grains, some of them apparently rolled bits of coral and shell, but 
many of them evidently concretionary, having concentric coats. It was not unlik^ 
some varieties of oolite in texture and appearance. It contained large fragments of 
corals and shells and some pebbles of pumice, and it pielded occasionally a fine sand 
that was not calcareous, and which was probably derived from the pumice. Some 
parts of it made a fair building stone, but it got softer below, till it passed downwards 
into a coarse coral sand, unconsolidated, and falling to pieces on being touched. In 
the quarries opened next year for the beacon (constructed for the purposes of naviga- 
tion), many receni shells, more or less perfect, were found compacted in the stone, 
and one or two nests of turtle’s eggs, of which, in sumo cases, only the internal cast 
had been preserved, but in others the shell remained in the form of white carbonate 
of lime. Some drusy cavities were also found in the stone, containing crystals of 
gypsum.” “It is evident from the fossil turtle eggs that the consolidation of the stone 
had taken place after it was raised above the sea. It was due, probably, to the 
infiltration of the rain-water percolating through the calcareous sand, that had been 
gradually piled above high-water mark by the combined action of the wdnds and the 
waves. T^e thickness of the vegetable soil in its centre shows that it has been above 
water for a great length of time.” — Beete Jukes, “ Voyage of the ‘ Fly,’ ” vol. i. pp. 
126-128. The whole surface of the island was covered with birds — all but one kind, 
a land-rail— sea birds, such as frigate birds, boobies, gannets, &c. “ On walking 
rapidly into the centre of the island, countless myriads of birds rose, shrieking on 
every side, so that the clangour was absolutely deafening, like the roar of some great 
cataract.” There were turtle tracks on the beach, and the shells and skeletons of dead 
turtles were scattered about the island. 
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Entrance, through the Barrier Eeef, occurs in 11® 10' S., north- 
ward of the deep bay, and the detached reefs, after which the 
great reef is made up of long and closely-connected masses, with 
few and small gaps for 40 miles. From 10® 40' to Flinders* 
Entrance, in lat. 9® 41', the reefs consist of numerous spots and 
patches (too close to afford good entrance for vessels), forming 
submarine pinnacles or towers, rising from a depth of 90 or 120 feet, 
still, however, preserving the line of the barrier, with deep water 
outside, in which the bottom was not found with a line of 960 feet. 

From Cape Weymouth and Restoration Island, in consequence 
of the altered run of the Australian coast and of the barrier reefs, 
the difference between the outer reef and the mainland in the 
parallel of Cape York (the N.E. point of Australia), has increased 
to 80 and 90 miles. The whole of the intermediate distance has 
not been surveyed, but Mr. Beete Jukes states, that there appear 
to be many inner reefs at a short distance from the land. Between 
these and the great eastern barrier, the sea is comparatively free 
from them, many sunken patches being, however, scattered about, 
and the bottom Irregular in places. “ The general depth varies 
from 12 to 20 fathoms, the bottom being coarse sand (with many 
foraminifera and detached corals and corallines), gradually passing 
as we approach the land into finer sand and detritus, and from 
that into the finest possible mud, wholly calcareous and lying close 
to the shore.”* 

The outer barrier terminates at Anchor Key, in lat. 9® 20' S., 
and no coral reef is found further towards the coast of New Guinea, 
in this direction, except the Bramble Eeef, described as fringed 
round other rocks. The chart shows coral sand and fragments on the 
bottom in 38 fathoms, increasing to 54 fathoms, and stretching out 
50 miles to the eastward of the Bramble’s Key, while all the soundings 
on the north, in front of a low coast, with a large discharge of fresh 
water from various channels in New Guinea, are of mud and sand. 
In front eastward of Flinders’ Entrance, Portlock’s reefs rise from 
a depth of 360 to 400 feet, so that on the north, as on the south, 
as is observed by Mr. Beete Jukes, the corals rise from the ocean in 
shallow water as compared with the central portions. Between 
Cape York and the opposite coast of New Guinea, extensive reels 
seem to prevail adjoining the latter, rising out of 30 to 70 feet of 
water, and a considerable reef connects Warrior Island with the 
mainland of New Guinea. All the central parts of Torres Strait, 


* Beete Jukes, “ Voyage of (he ‘ Fly,’ ” vol. i., p. 330. 
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from north to south, between Cape York and Turtle-Back Island, 
are remarkable for a nearly uniform bottom, 9 to 11 fiithoms, 
formed of sand and mud. No coral reels were found in this central 
band, except narrow fringing reefs round islands, formed of other 
materials, — ^porphyries, granites, and quartz rocks/ 

Coral reefs are abundant in the Eed Sea, fringing the coasts 
to a great extent Numerous localities have been examined for a 
distance of about 200 miles by MM. Ehrenberg and Hemprich, 
and 150 species of corals were observed. According to the former,! 
these reefs form shallow incrustations on the rocks of the coasts, 
from 3 to 12 feet beneath the surface of the sea, often sloping out- 
wards. They do not always adjoin the coast, but often form narrow 
parallel bands at various distances from it. The reefs are com- 
posed of Madrepora, Eetepora, Millepora, Astraea, Favia, Cary- 
ophyllia, Maeandiina, Pocillopora and Stephanocora, mixed with 

♦ Beete Jukes, (“ Voyage of the ‘ Fly,’ ” vol. i., p. 331,) from his experience among 
the great coral accumulations of Eastern Australia, has given the following account 
of an individual coral reef.— “ A submarine mound of rock, composed of the fragments 
and detritus of corals and shells, compacted together into a soft spongy stone. The 
greater part of the surface of this mound is quite flat and near the level of low water. 
At its edges it is commonly a little rounded oflj or slopes gradually down to a depth 
of 2, 3, and 4 fathoms, and then pitches suddenly down with a very rapid slope into 
deep water, 20 or 200 fathoms, as the case may be. The surface of this reef, when 
exposed, looks like a great flat of sandstone with a few loose slabs lying about, or 
here and there an accumulation of dead broken coral branches, or a bank of dazzling 
white sand. It is, however, chequered with holes and hollows more or less deep, in 
which small living corals are growing ; or has, perhaps, a large portion that is always 
covered by two or three feet of water at the lowest tides, and here are fields of corals, 
either clumps of branching Madrepores, or round stools and blocks of Meeandrina and 
Astraea, both dead and living. Proceeding from this central flat towards the edge, 
living corals become more and more abundant. As we get towards the windward side, 
we of course encounter the surf of breakers long before we can reach the extreme 
verge of the reef, and among these breakers we see immense blocks, often two or 
three yards (and sometimes much more), in diameter, lying loose upon the reef. 
These are sometimes within reach by a little wading ; and though in some instances 
they are found to consist of several kinds of corals matted together, they are more 
often found to be large individual masses of species, which are either not found 
elsewhere and consequently never seen alive (Mr. Beete Jukes saw an irregular block 
of Maeandrina, of irregular shape, 12 to 15 feet in diameter), or which greatly surpass 
tlieir brethren on other parts of the reef in size and importance. If we approach the lee 
edge of the reef, either by walking or in a boat, we find it covered with living corals, 
commonly Maeandrina, Astraea, and Madrepora, in about equal abundance, all glowing 
with rich colours, bristling with branches, or studdeil with great knobs and blocks. 
'When the edge of the reef is very steep, it has sometimes overhanging ledges, and is 
generally indented by narrow winding channels anil deep holes, leading into dark 
hollows and cavities where nothing can be seen. When the slope is more gentle, the 
great groups of living corals and intervening spaces of white sand can be still 
^seemed tlirough tlie clear water to a depth of 40 or 50 feet, beyond which the water 
recovers its usual deep blue. A coral reef, therefore, is a mass of brute matter 
living only at its outer surface, and chiefly on its lateral slopes.” — Ibid. vol. i., 
pp. 314-316. 

* liber die Natur uiid Bildung dor Corallen>Bankeu des Rothen Meeres,” 
Berlin, 1834. 
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the shells of molluscs, the remains of fish, &c. According to 
M. Ehrenberg, the height, resulting from the accumulation of the 
same corals, is small. With respect to the banks and reefs lying 
some distance from the shore. Captain Moresby states that they 
appear more elongated than they really are when correct plans are 
constructed of them. Though many of these reefs rise to the sur- 
face, the greater number are found at depths from 30 to 180 feet, 
and consist of sand and living coral, the latter covering the largest 
part of their surfaces. They run parallel with the shore, some- 
times connected with the mainland by transverse banks. Deep 
water occurs close to them.* 

With respect to the varied conditions under which coral reefs 
are found, probably the observer may conveniently first consider 
the manner in which difierent species of coral have hitherto been 
known to occur. As Mr. Beete Jukes has remarked, though the 
reef-making coral polyps are only known to us as living at depths 
not extending beyond 120 to 180 feet, there may be others form- 
ing masses of calcareous matter at greater depths with which we 
are unacquainted.! The evidence respecting corals of various 
kinds would lead us to infer that, like tlie molluscs above men- 
tioned (p. 146), while some prefer, or are adjusted to particular 
bottoms, whether solid rock, sand or mud, at various depths, 
moderate or considerable, others are only to be found in shallow 
water. Viewing the subject in this light, the corals living at the 
surface of the sea may be compared with littoral molluscs keeping 
situations peculiar to them. While some appear adjusted to tlie 
nearly constant movement of ocean breakers, others, even at small 
depths, require tranquil water ; so that at nearly equal depths the 
corals, forming the hard mass of the reef, or finding shelter amid 
its cavities, in the lee of lagoons, when there are such, divide 
themselves into two classes. 

Referring to the early and swimming state of the reef-making 
coral polyps, we may assume that, wherever fitting conditions j)re- 
sented themselves, they could settle, adhere to a sufficiently hard 
substance, and commence the foundation of a reef. If we take 
coasts as they axe variously presented to us, we find that, as regards 
depth, we may have the 120 or 180 feet, for the reef-making 
corals either close to the shore, or removed to various distances 

• Darwin (“ Structure and Digtribution of Coral Reefs,” p. 192), from information 
communicated to him by Captain Moresby. 

t It would be well carefully to examine the coral reefs, which have l>ccn uii- 
doubt^ly raiged above the sea by geological movements, for the spccicg contained 
in their lower parts. 
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from it. So that, assuming the swimming germs to meet with the 
requisite bottom, they can commence their reef-rearing labours at 
various distances from the land, and, raising the reefs, form very 
different lines around or adjoining it. Let, in the annexed diagram 
(fig. 76), a a be the surface of the sea round an island, b I the 



level beneath that surface at which the swimming coral germs can 
attach themselves and begin their labours, then at c the reef would 
be fringing and adjoining the coast ; while at d, a bank might be 
raised up, forming a barrier reef to the coast e. Such a bank once 
established, the space between the coast, e, and the barrier, d, 
becomes fitted for those corals which require the shelter afforded 
by the latter. Wlietlier from being best adapted for procuring 
food, or as affor3ing conditions ill-suited to the coral-eating animals, 
the surface reef-making corals flourish in the surf of breakers, so 
that they grow, as a mass, outwards. With respect to original 
bottom, if there be sufficient tranquillity at the depth of 120 feet 
from wind-wave action, either directly produced on the spot by 
winds, or transmitted, as a ground or ocean-swell, from a distance, 
there appears no reason why the corals found at that depth, in 
lagoons and other sheltered situations inside barrier reefs, should 
not live and die under such circumstances, besides other corals, noc 
yet known. These would form a base on which the more shallow 
water and littoral corals, among them those able to resist the 
breaker-surf itself, would begin their work. So long as these keep 
at sufficient depths, the mechanical action of the breakers will little 
affect them, but as they rise with the leel’ they gradually come 
within its influence, so that finally the coral masses are dealt with 
as the rocks of any other coast would be under similar conditions. 

Wliile corals thus forming a coast, may bo, to a certain extent, 
adjusted to the powers of ordinary breakers, any increase in the 
force of the breakers over the resisting powers of the corals would 
break off portions of the latter, so that, during heavy gales of wind, 
the resistance becoming very unequal to the force employed, large 
masses of the coral are tom off and hurled over the reef inwards. 
Tliis can scarcely happen without minor portions being also thrown 
over, or broken off from the detached masses, and the general 
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action such that fragments of the coral mass fall outside the steep 
slope of the outward growth, a steep slope which we should expect 
to have been gradually formed as the coral reef rose within the 
mechanical action of the breakers. Let a b (fig. 77) be the surface 


Fig 77. 



of the sea in calm weather (for the moment considered without 
reference to changes of level produced by tides), c cf, a depth at 
which reef-making corals can, other conditions being favourable, 
establish themselves, and the commencement of a reefi not 
raised so high as materially to feel any of the mechanical effects 
arising from any wave action, W,W,W, though every successive 
addition to the recf‘ would bring it more and more within that 
influence. When, by vertical increase in the coral mass, a breaker 
could be formed by sufficient proximity to the wave, W,W,W, 
abrasion would commence as the coral resistance became unequal 
to the force employed, and the detritus would be scattered on each 
side, the inside probably, from the direction in which the force 
was applied, receiving the chief* portion, wliile some fell outwards 
towards h d. As the coral growth rose to the surface, under ordi- 
nary weather, the increase more than meeting the loss by abrasion, 
the interior would be filling up also by corals, some of which re- 
quired the shelter there afforded them. Outside, the breaker 
action would remove the smaller fragments in mechanical sus- 
pension, leaving the larger blocks, so that hollows amid the 
latter would get filled with a portion of the finer matter, the 
greater part of which would be carried out at the base of* the reef, 
more or less ground into sand by the f notion to which it may have 
been exposed. 

If we suppose the reef to have so risen that it touches the 
surface of the sea, the growth of the coral still increasing the mass 
beyond the power of the surf to break off portions of the reef, a 
time would come when, from the usual breaker action upon coasts 
previously mentioned, fragments of various sizes, with coral 
pebbles and sand, from continued friction of* the fragments in the 
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surf, would be thrown up in a bank upon the reef, with sand 
added by the winds. The decomposition of the animal matter in 
the more freshly broken pieces of eoral, added to any animal 
matter entangled amid the reef, would assist in its consolidation 
by, among other things, the production of carbonic acid, for 
combination with the water to act on the carbonate of lime of the 
corals, so that sufficient would be taken up in solution to cement 
them together, by subsequent deposit among the coral’ fragments, 
thus forming conglomerates and sandstones. A dry portion once 
above water, the often-described vegetation succeeds, the decom- 
position of which also affords free carbonic acid for the further 
solution of carbonate of lime, and an additional consolidation of the 
mass beneath by chemical means. Considering the mixture of animal 
matter in the coral mass itself, entangled among it in various 
ways, and by its decomposition affording carbonic acid, and the 
conditions imder which this carbonic acid could be brought to aid 
in the solution of the carbonate of lime of the coral polyps, it will 
be seen that circumstances may often arise for the obliteration of 
the organic texture, and the substitution of calcareous matter, 
presenting an inorganic character, such as has been often remarked. 

The nearer the surface the greater would be the power of the 
breaker action to peel off the upper coating of the reef, during 
heavy gales of wind, and cast the fragments inwards as well as the 
rounded pebbles which may have been formed in fitting situations 
at ordinary times by the common force of the breakers. We should 
expect this to be effected to distances beyond the margin of the 
reef, dependant upon circumstances, among which the rise and 
fall of the tide, both during ordinary weather and at the time of 
any heavy gale of wind, have to be regarded. Assuming c, t 
(fig. 78) to be the difference of the tide level, it will be obvious 


Fig. 78. 



that any power which the breakers may have at the level a, e, 
will be changed during the rise and fall of the tide, ranging up 
and down all the portions of the reef exposed witliin the depth 
ty c. We have assumed as in the accompanying section (fig. 77), 
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that the coral animals in their free swimming state met with a 
bank m, n, so that at the level rf, they found the conditions, as 
to depth and other things suited to them. Assuming that they 
would not work beneath this level, as the reef rose to the island 
fy gy and the detritus outside accumulated, the latter would cover 
over the deeper part w, of the original bank, by successive coat- 
ings, over which the coral polyps would advance their work 
laterally, thus covering horizontally a detrital mass, laminated at 
an angle according to the slope on which it may accumulate. 
Taking the outside detrital increase at any given amount of* cubic 
contents, it would follow that, according to the small slope of the 
original bank would be the rapidity of the lateral advance over 
which the corals might be disposed to work, steep slopes affording 
the least ground at a given level for such increase. For the sake 
of easy illustration we have assumed a bank such as that near 
Breaksea Spit, on the coast of Australia, and above mentioned 
(p. 182), which after retaining a certain general depth, and pre- 
senting a roxmded margin, plunges into deep water. 

It may now be desirable to consider the effects which would 
result, in the regions of coral reefs, from volcanic action. We 
have seen tliat within our own times, volcanic action has brought 
ashes and cinders to, and above the sea level in the Mediterranean 
(p. 70) and in the Atlantic (p. 100), that the islands so produced 
have been temporary, and that very probably the incoherent 
matter of which they were composed has been cut down to the 
depths at which breaker, or wave action could disturb and remove 
such matter. At least this could scarcely but happen, supposing 
no subsidence from the pressure of the water into the crater in such 
a manner as to lower the volcanic mass, independently of any 
subsidence from volcanic causes themselves, carrying down the mass 
of ashes and cinders beyond the influences of breakers and waves. 

If in the annexed diagram (fig. 79) we consider a, i, c, rf, to 


Fig 79. 

h c 



be a section of a volcanic cone, the top of which was forced during 
some eruption above the level of the sea, e,/, tliat this condition 
ceasing, breaker and wave action cut down the loose materials to 
the level h, one to which their influence could extend, even 
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probably sifting the ashes and cinders, as in the case of the Island 
of Sciacca (Mediterranean), so that a somewhat stony bottom might 
be the result, we should have conditions fitted, in the coral-reef 
seas, for the settlement of the germs of the reef-making polyps at 
i and k. At those points of the section the ree& would increase as 
above noticed, when they rose sufficiently high to be acted upon 
by the breakers, fragments broken off, and partly thrown down 
on the outsides, towards a and d, and the corals spreading over 
them as previously noticed. Inside there would be a lagoon, 
which, as soon as a general barrier of coral was established outside, 
would be filled in the usual manner with corals and other marine 
creatures suited to the sheltered conditions there found. The 
overflow of the breaker-waters, and the rise and fall of tides com- 
bined, would tend to keep open a channel or channels between the 
lagoon and the sea outside, and finally, terrestrial vegetation would 
establish itself upon a coral bank chiefly raised into the atmosphere 
by the piling influence of the breakers upon the coral ridge. The 
forms of such islands would necessarily depend much on the hori- 
zontal section of the volcanic accumulation, when cut down by 
breaker and wave action. We should expect the submarine and 
steep flanks of the mass to be encrusted by coral sands and frag- 
ments in proportion to the time duriiag which the reef-corals may 
have been increasing outwards in any particular locality, so that 
the sounding-lead could bring up little else around the coral reefs 
and island except coral detritus, and the marine animals which 
could exist under the needful conditions at various depths around 
the main mass. 

As we have abundant proofs that, not only ashes and cinders 
have been vomited out of volcanic vents, reaching to and beyond 
the sea-level, but molten rock also, the whole even attaining con- 
siderable altitudes, such as the volcanic heights of Hawaii, and 
others of the Sandwich Islands, with deep water around them, it 
may not be undesirable to consider the conditions under which coral 
reefs might be gathered around such volcanic masses. Let, in the 
annexed section (fig. 80) a, J, c, represent the remains of a mixed 
volcanic mass of molten rock, and of ashes and cinders, cut away by 
atmospheric influences and breaker action, so that a portion of 
hard rock, J, perhaps once molten matter in the crater of a volcano, 
stands above the level of the sea, while at g and / incoherent ashes 
and cinders are cut back by breaker action (as in fig 79) to this hard 
rock. We should now have conditions for the formation of reefs 
at /and g imder the same circumstances as above noticed (fig. 79), 
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Fig. 80. 



with this difference, that instead of an uninterrupted lagoon in the 
interior of the coral reefs, there would be land emerging from it, so 
that these reefs would be encircling. In addition to the usual causes of 
keeping channels open, the islands, if of good size, might contribute 
fresh-water streams, at times charged with detrital matter, prevent- 
ing the increase of the coral reefs in the lines which they traversed. 

It would appear desirable, in the first instance, that an observer 
should direct his attention to the conditions under which coral 
reefs and islands could be formed, either as lagoon islands, reefs 
touching or encircling land composed of ordinary detrital or igneous 
rocks, or upon shoals and banks ranging in front of considerable 
lines of coast. It is not a little interesting further to consider the 
mode in which a general mass of coral matter would be composed, 
after a lapse of time sufficient to complete the filling up of lagoons, 
with or without the protrusion of dry land formed of ordinary 
rocks through them, or the space between an outer line of coral 
reefs and a considerable range of coast, such as that of* a portion of 
Eastern Australia. 

As to the height to which corals may rise, Mr. Beete Jukes found 
coral polyps alive six or eight inches out of water, and so remain- 
ing for nearly an hour, until the return of the tide. He often 
observed the same fact, and believes that an exposure to the air 
and sun will not kill many of the polyps, so long as the coral 
remains in a position of growth, the cells retaining their moisture. 
He has seen blocks of living astrsea, the tops of which were 18 
inches above water. This shows that we may take the ordinary 
tide level for that to which the reef-making coral polyps can work 
under fevourable conditions ; and that there may be a mass of 
matter coinciding with the line of a main reef round a lagoon-en- 
circling island, or in front of a long range of coast, which may, 
from the top to the other substances on which the reef reposes, 
be chiefly formed by the growth of corals upon each other, 
occasionally mixed with the hard remains of marine animals in- 
habiting the cavities amid the corals, and with detrital portions 
driven in amid the hollows of the rising mass. 
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To whatever extent the germs of coral polyps could settle upon 
any surface, beneath the sea-level, suited to their development, 
conditions would change, as the reef portion rose seaward, behind 
the shelter gradually afforded from the roll of the waves, and their 
action on the bottom beneath ; so that while sands and fragments 
of corals, broken off by the breakers, arranged themselves, as above 
mentioned, outwards, (the reef-making polyps working over this 
detritus,) a very complicated series of deposits and coral growths 
would be formed inwards. In the case of coral lagoon-islands, 
there would finally be calcareous plateaux of very variable areas, 
some many square miles in extent, of equal levels, separated, in 
such regions as the coral island groups of the Pacific Ocean, by 
irregular intervals of deep water. These isolated sheets of matter 
of general similar character would be, to a certain extent, stra- 
tified, though coral growths may pierce the general mass in various 
directions ; the strata composed of beds of coral sand and mud, as 
these gradually accumulated, mingled with the shells of molluscs, 
the spines and coverings of echinoderms, the hard remains of fish, 
with possibly also those of certain birds and turtles, even the eggs 
of the latter being preserved in the higher sand-banks. There 
would be deposits of calcareous mud outside also, at depths where 
it could accumulate in an undisturbed manner ; this calcareous mud 
borne out of the outlet channels during ebb-tides, and when heavy 
gales drove an abundance of water over the weather-side of the 
encircling reefs, to escape out of the same channels. Such mud 
might be widely spread by tidal streams and ocean currents, and so 
far constitute a kind of connexion, enveloping uneven and sub- 
marine ground, between the coral plateaux. 

In the case of the reefs, more or less encircling islands of varied 
magnitudes, and composed of ordinary sedimentary and Igneous 
rocks, there would be a modification of the deposits inside the reefs, 
so far as a supply of decomposed mineral matter from atmospheric 
influences and ordinary detritus from such lands would be con- 
cerned. The remains of a larger and more varied amount of 
terrestrial vegetable and animal life would be there expected ; as, 
also, under favourable conditions, the addition of the harder parts 
of fluviatile creatures. Where intermingled with the simple lagoon 
reefs, there would be corresponding modifications of the interior 
deposits at the same general level. 

As respects the accumulations, for so many thousand square 
miles, inside the Great Barrier Reef, off the eastern coast of 
Australia, there would be a great sheet of matter, as a whole, 

0 
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having a certain general character. Viewing, generally, this range 
of coast, there is a great absence of fresh waters draining from the 
adjoining land ; indeed, water is scarce along it under ordinary 
conditions. Hence no material influence is exercised on the growth 
of the coral polyps, and their associated life, by rivers and streams 
of fresh water, either clear or charged with detritus in mechanical 
suspension. Seaward we have the same conditions as the outward 
portions of the lagoon reefs, for about 1000 miles ; the southern 
portion ranging beyond the circumstances fitted for the develop- 
ment of the reef-making coral germs, and resting on banks of 
ordinary silicious sand, while the northern portion is terminated 
by the influx of river waters, bringing down muddy matter from 
New Guinea ; thus also preventing the same germs from properly 
establishing themselves, though conditions would otherwise appear 
to be fitted for their development, for passing the outflow of the 
river waters, coral reefs are again established to the northward. 

Inside this long line of outer reefs, accumulations are effected as 
in the ordinary isolated lagoon reefs, imtil the main line of coast is 
approached, where modifications would be expected, though on a 
larger scale, of the kind foimd around the islands, composed of 
ordinary rocks, inside encircling reefs, and above noticed.* Such 
a small volume of fresh waters flowing outwards from the land, 
comparatively little detrital matter from the interior seems trans- 
ported far seaward, so that the calcareous detritus derived directly 
from the reefs, and ground finer by friction from breaker action, 
or passed through the animals feeding on the coral polyps, readily 
becomes forced towards the land from the prevalent action of the 
waves in that direction. It there mingles near the coasts with 
such detritus as may be derived from the land by breakers, how- 
ever modified these may be from the shelter afforded by the outer 
reefs, or be carried out into such tidal streams as prevail by the 
rivers in flood. Viewed as a whole, we should expect much con- 
tinuity in some of the deposits, particularly the finest, in many 
parts of the great area comprised between the coasts and the outer 
great barrier reefs, in which an abundance of molluscs, radiata, and 
layers of certain corals, with the harder parts of fish and crusta- 
ceans, would be entombed. Near the land, and particularly where 
mangrove swamps prevail, there would be modifications of these 
continuous deposits. As a whole, it would constitute a great mass 


* The green mud off Cape Direction, east coast of Australia, is wholly calcareous. 
— Becte Jukes, “ Narrative,” &c. 
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more or less stratified, intermingled here and there, especially 
towards the outer barrier reefs, with complicated mixtures of coral 
growth in reefs, the detrital matter derived from them, the harder 
parts of other marine animals living among them, and the alter- 
ations of structure produced by chemical means. 

Stratification, or an approximation to it, is not confined to the 
coral sands and mud, and the layers of organic remains which may 
be intermingled with them, for a tendency to split into slabs is 
often noticed in the mass of the reefs. Indeed, Mr. Beete Jukes 
not only mentions such a mode of occurrence at Heron Island 
(part of the eastern Australian coral accumulation), but joints in 
that reef also, splitting the coral rock into blocks of from one foot 
to two feet in the sides. These joints or divisional planes are 
parallel to the dip and range of the beds respectively, and the coral 
beds dip seaward at an angle of from 8° to 10®. 

The observer has next to turn his attention to the consequences, 
as regards coral reefs and islands, which would follow any of those 
changes of the relative levels of sea and land, both on the small 
and large scale, and to be subsequently further noticed, which the 
study of geology teaches us has so frequently occurred. 

There can be little doubt of coral banks and reefs similar to 
those in the seas of our times, and in coral-reef regions, having 
been raised above the surface of the sea, like other marine 
accumulations, forming dry land. Such have been long known. 
MM. Quoy and Gaimard, who accompanied the expedition of 
M. Freycinet, and who remarked on the moderate depths to which 
the reef-making corals appeared to extend,* mention that on the 
coasts of Timor coral banks so occur above the sea level as to 
have induced M. Peron to consider the whole land formed of 
them.t At Oahu, and other places in the Sandwich Islands, 
coral banks have been long known to extend inland, and more 
modem researches have confirmed these observations. Mr. 
Couthouy, in particular, gives an account of ancient reefs, now 
raised above the sea level, at the islands of Maui, Morokai, 
Oahu, and Tauai.J We had occasion to remark also some years 
since on the raised coral reefs on part of the coast of Jamaica.§ 
Elizabeth Island, off the eastern side of the low archipelago, 

♦ Quoy and Gaimard, Sur rAccroisement des Polypes Lithophytes considere geolo- 
giquement, Annales des Sciences Naturelles, tom. vi. 

t Upon proceeding inland a short distance, MM. Quoy and Gaimard found these 
coral banks resting on vertical beds of slate. 

t Remarks on Coral Formations. 

§ Geological Manual, 3rd edit. 1833, p. 165. 
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(between Ducie and Pitcairn Islands,) has been considered, from 
the description of Captain Beechey,* to be a good case of a raised 
coral island, its flat summit 80 feet above the sea. Mr. Darwin 
has accumulated a mass of information"!" from the personal com- 
munications of the Rev. J. Williams, Mr. Martens, (of Sydney,) 
and Mr. G. Bennett, and from numerous voyagers, and other 
authors, showing coral banks elevated to various heights above the 
level of the sea in the Cook and Austral Islands, Savage Islands, 
the Friendly Islands, the Navigator Group, the New Hebrides, 
New Ireland, the Marianas, the East India Archipelago, the Loo- 
Choo Islands, Ceylon, Mauritius, Madagascar, part of the eastern 
coast of Africa, the Red Sea, and the West India Archipelago. 
In fact, this list comprises examples in all seas where coral reefs 
and islands have been noticed, and leaves little doubt that since 
coral reefs and islands were formed, as they now are, in the fitting 
regions, many throughout those regions have been raised above the 
level of the sea into the atmosphere. 

Laffl Island, one of the Loyalty group, has also been noticed by 
the Rev. W. B. Clarke as a raised coral island. It is about 
90 miles in circumference, and surrounded by a fringing reef, 
upon which the depth gradually increases outwards for a quarter 
of a mile, the reef then plunging into deep water. The whole 
island is composed of dead coral. Its average height above the 
sea is about 120 feet; and it attains, at points on the eastern 
side, an elevation of 250 feet. There is a ledge or shelf, like 
that now surrounding the island, at 70 or 80 feet above the 
sea. The surface is table land, with hollows and elevations, 
such as characterise a coral reef. Mr. Clarke infers that this 
island has been elevated at two distinct periods; at the first 
to the amount of 170 feet, at the second to 80 feet additional 
height.J 

In considering the elevation of coral reefs above the sea-level, 
the portions of a sea-bottom should also be taken into account, 
which may by the same means be brought within such a distance 
of the surface water, that the germs of the various coral polyps, 
which aid in the establishment of a reef, could find the needful 
conditions for establishing themselves. It has to be borne in mind 
that inequalities of the sea-bottom exist as much in coral regions 


♦ Beechey, Voyage to the Pacific. 

f Darwin, Structure and Distribution of Coral Reefs, pp. 132-137. 
t Clarke, Quarterly Journal of the Geological Society of London, toI. iii., 
p. 61, 1847. 
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as in others ; indeed, the igneous character of many islands, parti- 
cularly in the Pacific and Indian Oceans, would lead us to expect 
no slight variations in this respect. Many a boss or extended col- 
lection of volcanic inequalities may be raised by the same move- 
ments as those which have elevated the coral banks to various 
altitudes above the sea. While some pierced the surface-level of 
the water, to be dealt with by the atmosphere and the breakers, 
as far as their varied jesistances to the destructive action of 
the one or the other might permit, others would be differently 
circumstanced. Some formed of incoherent cinders and ashes 
would readily be cut down to the level to which breaker action 
could extend ; while others would only just reach the needful 
depth beneath the surface-water for the establishment of coral 
reefs. 

As respects inequalities of sea-bottom, if the Great Bank of 
Newfoundland were in coral regions, and were elevated from 
its present relative level, so that its broad platform with its 
common deptli of from 40 to 50 fathoms, one small portion of‘ 
the area being occupied by the Virgin Rocks, were raised 
about 20 fathoms, by which coral reef-making germs could 
fix and develop themselves under fitting conditions, we should 
have an area of between 35,000 to 40,000 square miles, around 
the irregular margin of which there would be conditions, as 
represented in fig. 81 (p. 198), for an extended border of coral 
reefs. The sea around the margin would often be suddenly 
deep. The new Admiralty Chart of the North Atlantic gives 
106, 137, 147, 132, 107, and 149 fathoms, as now found close 
off the south-eastern side of the Great Bank, There would 
be an island of small size, now the Virgin Rocks, above water 
with still 20 fathoms close to it; and supposing a somewhat 
questionable shoal (with fathoms upon it), about 40 miles to the 
eastward of the Virgin Rocks to be really existing, there would be 
another small island in the same area. The Great Bank, with its 
continuation the Green Bank, would be separated by a channel, 
then 55 to 79 fathoms deep, from the St. Pierre Bank, round the 
edges of which there would be conditions for a fringe of coral reefs, 
enclosing a large area of water with no other land above its surface. 
Indeed, the St, Pierre Bank would then bear an external resem- 
blance to a great atoll, about 140 miles across from south-east 
to north-west, with a maximum breadth from south-west to 
north-east of about 70 miles, and having a somewhat steep slope 
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Fig. 81 . 
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outside, on the south-west side, into 118, 160, and 149 fathoms, 
the change from the present depths being taken into account.^ 

In the Bermudas we seem to have an instance of an isolated 
bank in the Atlantic, far distant from land, and rising from deep 
water, upon the upper part of the crown of which co^ reefs have 
established themselves, mingled with others which have been 
described as chiefly composed of serpulae, nuUiporsB incrusting the 
work of the marine animals as upon the coral reefs of the Pacific 
(p. 169).t The remarks of Captain Nelson, of the Eoyal En- 
gineers, having chiefly reference to the geological structure of 
these islands, there is yet much to be accomplished by the ex- 
perienced naturalist respecting the reefs themselves, which are 
especially interesting from their geographical position, and the 
marine life connected with it. 

Although deep water is reported to surround the bank upon 
which the reefs and isles of Bermuda are situated, the reefs them- 
selves are immediately bounded outwards by shallow water, only 
6 and 7 fathoms being marked on the charts as a somewhat 
common depth immediately beyond the reef, deepening somewhat 
further distant to 12 and 15 fathoms. Captain Nelson describes J 
the Bermudan group to consist of about 150 islets, lying in a 
north-east and south-west direction, within a space of 15 by 5 
miles, and containing altogether an area of about 21 square miles. 
This group is situated very near, and conformably to, the south- 
east side of a belt of reef's, partly formed by corals, and partly by 
serpulae, of a rude elliptical form, 25 miles long by 13 miles broad. 


♦ The extensive submarine area of the Newfoundland banks is also highly 
interesting, as exhibiting a very slight difference in level. From 250 to 300 feet 
beneath the surface-water seems a very common depth, though there appear to be 
gradual swelling portions bringing the bottom mi>re upwards. If these banks were 
elevated above the sea, they would present an irregularly bounded platform, divided 
by one main channel, many thousand square miles in extent, the chief height above 
which would be a rocky eminence, about 240 feet above the general surface, where 
the Virgin Rocks now occur; and, if the questionable shoal on the eastward really 
exists, a boss of ground of about the same altitude in that direction also. If these 
banks have been in previous geological times raised into the atmosphere, all traces 
of considerable hills and valleys, which may then ha\ c existed, have been obliterated. 
And this may readily have happened from the levelling effects of breaker action, 
combined with the distribution of the detritus by tidal streams and ocean currents, 
as the land may have slowly subsided. Be this as it may, detritus would not readily 
be now borne to these banks from the adjoining coasts of Newfoundland by any 
drifting action along the bottom, since, as previously mentioned, deep water occurs 
between the banks and that land. 

t The occurrence of coral reefs so far northward in the Atlantic is referred to the 
influence of the heated water carried northerly by the Gulf Stream. 

X Nelson, Transactions of the Geological Society of London, 2ud series, vol. v. 
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The channels amid the islets are shallow, and the depth of water 
Mrithin the boundary reefs rarely exceeds 12 to 14 fathoms. The 
highest land rises to about 260 feet above the sea at Sears Hill, 
and Gibbs Hill has an elevation of 245 feet. 

Captain Nelson describes the islands as altogether calcareous, 
the beds varying from loose sand to limestone, so compact as to 
receive a good polish, the whole derived from animal secretions, 
chiefly marine, though the remains of land shells, and birds* bones 
are also mentioned. From the mode of occurrence of the calcareous 
beds, and especially from the saddle-shaped sections observable 
throughout the islets. Captain Nelson infers that the deposits have 
been effected by means of the wind, driving the calcareous sands, 
including fragments of, and whole shells, in the usual way before 
it, and heaping them up irregularly into sand-hills, the component 
parts of which have been variously consolidated. A foot of red 
earth, containing vegetable matter, commonly covers the calca- 
reous accumulations. Fragments of coral and shells are noticed 
as common, and the remains of Lv/dna ( Themis) Pmmylvanica are 
especially pointed at as frequent Turbo Pica is also common ; 
and Captain Nelson is inclined to refer its occurrence on the 
heights to the hermit crabs, which he has seen running about with 
these shells. ♦ Coral reefs occur inside the main, or outside reefs, 
and do not rise above low water, except at spring tides. Over the 
bottom of this basin calcareous sand and chalky clay (the best 
anchoring ground) are distributed. The tides average a rise and 
fall of about 4j^ feet, and at low water the main reefs stand about 
2 feet above the sea. 

Although there may be good evidence of much of the calcareous 
accumulations of these islets having been effected by means of the 
wind, piling up sand and fine calcareous particles driven, in the 
usual way, by breaker action at high tides, and by gales of wind,f 
still there would also appear evidence that there may have been 
some elevation of the general mass, since a bed containing shells of 
the Lucina Pennsylvanica^ and now about 6 feet above water, has 
an even range from Phyllis Island to Harris Island. Under this 


* Mellita {ScuteUa) quinqurfora is noticed as found, the pores of the crusts filled 
with crystalline carbonate of lime, like the echinites in the European chalk. Turtles* 
bones have been discovered in the accumulations, as also the remains of cyprsea and 
bulla. 

t Sand drifts are now in progress ; and Captain Nelson especially refers to one 
encroaching on the land,’ and arising from works executed a few years since, by 
w'hich a protecting vegetation was removed, and the wind acted on a sufficient area of 
free sand to work its destructive way into a more considerable mass. 
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hyjbthesis a mixed accumulation, by means of both wind and 
water, would not appear inconsistent with the sections given by 
Captain Nelson. The following (fig. 82) is one similar to many 
sections of sandstone deposits formed beneath water. 


Fig. 82. 



a 


b 

c 

d 


a, fry Cy Ordinary friable calcareous rock. 
dy Recent loose deposit in front of the cliff. 


Having so much evidence of the elevation of coral reefs in 
various parts of the world, and seeing that depressions of ordinary 
rock-accumulations (to be hereafter noticed) have been effected, 
often on the large scale, also in various regions, it would be ex- 
pected that coral reefs, and even extended areas in which they 
occur, may in like manner have been subjected to the like move- 
ments, Mr. Darwin has very ably sustained this view, both as 
respects single coral reefs, and extended regions in which they 
may be found.* To account for barrier reefs and atolls, which 
have been produced by the subsidence of land, aroimd which 
fringing coral reefs only were first attached, he gives the following 
illustration : — f 


Fig. 83. 



Let A, A, be the outer edges of fringing reefs, on two opposite 
sides of an island L, at a sea-level, S, S ; B, B, shores of* the 
island ; A', A', outer edges of the fringing reef, after its upper 
growth, during the gradual subsidence of the island L, by which 
the relative sea-level became transferred to S', S'; then A' B', 


* Darwin, Structure and Distribution of Coral Reefs, chap. vi. On the distribu- 
tion of coral reefs w ith reference to the theory of their formation. 

t In tliis section the tw’o diagrams given by Air. Darwin (Structure of Coral Reefs, 
pp. 98 and 100), have, for convenience, been thrown into one, in otlier respects they 
are the same. As Mr. Darwin points out, tlic sections of the lagoons arc exag- 
gerated. 
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B'A', are sections of the lagoons inside baxrier reefs on each side of 
the land, after this subsidence, and B ' the new shores of the island. 
Should the gradual subsidence continue, so that the relative level 
of the sea, as regards the island L, be changed to S" S", then the 
original island round which the corals first formed a fnnging belt, 
would be completely concealed. A" A" constituting the outer reefs 
of an atoll, and C its contained lagoon. In this manner the original 
mass of land, which might be a volcanic cone, or some modification 
of that form, would become encrusted by the remains of marine 
animals, or the detrital and chemical accumulations arising from 
such remains, including the faeces of the various reptiles, fish, crus- 
taceans, molluscs, and other marine creatures which inhabited the 
reefs and lagoons. This would be contained within a general crust, 
due chiefly to the work of the outer reef-making polyps ; this crust 
again covered, after a certain depth, by the debris of the reefs, 
broken away by breaker action, as the subsidence continued, and 
accumulated over the first formed reefs in the usual talus. With 
the exception of certain portions of this outside distribution of the 
d^ris from breaker action, there would be a general horizontal 
arrangement of the rest; even the crust of the outer reef exhi- 
biting, to a certain extent, this mode of accumulation. A large 
volume of calcareous matter, obtained by marine animals from the 
sea and their food, mingled with some terrestrial vegetable and 
animal matter, would be thus accumulated ; — and no small amount 
would be required to fill in, as it were, the space between the 
outer crust of the rising reefs and the original land. 

Assuming the hypothesis good for the single case adduced, there 
would appear no difficulty in applying it to a variety of modifica- 
tions, arising either from the form of the original land, which may 
be either of small or considerable extent, mountainous or hilly in 
one part, and more level at others ; or from the altered and chang- 
ing arrangements of the surface distribution of land and water, at 
different times as the subsidence continued, being more sudden at 
one time than at another, or being interrupted by pauses of* greater 
or less duration.^ The Maldives are considered as affording a 
good example of the effects of the submergence of the land, after 
the first incrustation of its shores by the reef-making corals, so 
that a considerable fringing reef round a large island, like that of 
New Caledonia, became divided up into numerous rings of* coral 

* The varied effects of submergence of coral reefs and islands will be found 
treated at length, and with reference to reefs and islands considered to bear out this 
view, in Mr. Darwin*s Structure of Coral Iteefs, chapter v., entitled Theory of the 
Formation of the different Classes of Coral Keefs. 
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reefe, crowning different heights of the original land, the general 
outline of the latter still preserved from the upward increase of 
the general mass of the corals. The Great Chagos Bank, on the 
south of the Maldives, presents peculiarities well worthy of atten- 
tion and Mr. Darwin considers it as an instance, in which the 
corals of the main reef perished before or during a submergence, 
now such that the great outer reef, instead of being within the 
break of the sea, is sunk from 5 to 10 fathoms beneath the surface 
of the water, two or three spots only rising into islets. As the 
depth of the outer reef does not appear such as to prevent reef- 
making corals from developing themselves, and as interior knolls 
present themselves at the same depth with luxuriantly-growing 
corals, there would appear some other reason than mere depth of 
water, with its consequences, preventing the establishment of more 
than a slight amount of living coral polyps on these reefs. Sup- 
posing the outer reef to have once flourished in the common manner, 
at and near the surface (and there are still two or three islets 
above water), perhaps the somewhat sudden submergence of an 
extended range of islets, thickly studded over the outer reef, with 
their vegetation and sands, would, for a long time at least, be very 
unfavourable to conditions well suited for the re-establishment of* 
the upper reef-making corals. Wave and tidal action would tend 
to distribute and move about the sands over the sunk reef in a 
manner scarcely fitted to the habits of the upper reef-making coral 
polyps, or the firm establishment of their germs. 

With regard to the incrusting of islands by coral masses, 
including the accumulations mechanically and chemically ob- 
tained f’rom the stony matter, chiefly calcareous, secreted by the 


♦ ** The longest axis is ninety nautical miles, and another line drawn at right angles 
to the first, across the broadest part, is seventy. The central part consists of a 
level, muddy fiat, between forty and fifty fathoms deep, which is surrounded on 
all sides, with the exception of some breaches, by the steep edges of a set of 
banks, rudely arranged in a circle. These banks consist of sand, with a very 
little live coral ; they vary in breadth from five to twelve miles, and on an average 
lie about sixteen fathoms beneath the surface ; they are bordered by the steep edges 
of a third narrow and upper bank, w'hich forms the rim of the whole. The rim is 
about a mile in width, and with the exception of two or three spots where islets 
have been formed, is submerged between five and ten fathoms. It consists of 
smooth, hard rock, covered with a thin layer of sand, but with scarcely any live 
coral ; it is steep on both sides, and outwards slopes abruptly into unfothomablc 
depths. At a distance of less than half a mile from one part, no bottom was found 
with 190 fathoms; and off another point, at a somewhat greater distance, there was 
none with 210 fathoms. Small stocp>sidod banks or knolls, covered with luxuriantly- 
growing coral, rise from the interior expanse to the same level with the external rim, 
which, as wc have seen, is formed only of dead rock.’*— Darwin, Structure and Dis- 
tribution of Coral Reefs, p. 39. 
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polyps and other marine creatures forming or inhabiting coral 
reefs, if we can have a growth and accumulation adjusted to the 
submergence,* the geological results would be such that upon 
again being elevated above the sea-level, fas has happened so 
often with many regions during the lapse of geological time after 
submergence), in areas such as that of the corallian portions of the 
Pacific, numerous masses of calcareous accumulations would 
present themselves, often, perhaps, corresponding in general 
character at equal, or nearly equal levels, and having the appear- 
ance of being the remains of limestone deposits, once continuous, 
though in reality they had never been united. If the Cape de 
Verde Islands, the Canaries, and the Azores, were to be incrusted 
with coral reefs, and be gradually depressed beneath the level of 
the sea, so that the reefs and the consequent accumulations inwards 
could be adjusted to the rate of submergence, and were again 
raised above the sea (as at least some of them would appear to 
have been, since notwithstanding their general igneous character, 
sea-bottoms and shores around them, of the more recent geological 
times, termed the tertiary, are uplifted), these fallacious appear- 
ances would be veiy marked.t 

The observer would readily expect to find, in regions where 
coral reefs abound, and volcanos are now, or have been active 
during their formation, that there are occasional mixtures of 
igneous products with the coral accumulations. In Mr. Becte 
Jukes" account of the Great Barrier Beefs of Australia, he 
mentions mingled substances of this kind at Murray and Erroob 


* If the submergence were so rapid that the growth, and consequent accumulations 
inside the reefs did not become adjusted to it, and supposing the reef-making corals 
only able to flourish in certain minor depths, it is obvious that the reefs could not 
increase upwards, but remain beneath like any mass of inorganic matter, the reef- 
making polyps perishing. 

With respect to the rate of growth of reef-making corals, the evidence is at present 
somewhat uncertain and contradictory. Some contend that the growth is very slight, 
reefs having been known in their present state for a long time ; while others consider 
their increase as more rapid. There is evidently a want of more information on this 
subject, especially as respects the conditions under which the appearances supporting 
these different views may have been caused. 

f There are suddenly very considerable depths around the Cape de Verde 
Islands. Even in the channel between Sal and Bonavista, a line of 232 fathoms 
found no bottom. The same with the Canaries. There is no bottom at 309 fathoms 
close on the north of Palma. The like with Madeira, off the west end of which a line 
of 280 fathoms does not reach the bottom. Very deep water surrounds the various 
islands of the Azores. There is a depth of 3(X) fathoms close on the south of Santa 
Maria, and no bottom with 320 fathoms of line between that island and the Forniigas, 
on the north-cast Around Pico, Fayal, San Jorgo, and Terccira, there arc depths of 
200 and 300 fathoms near the land ; and there is very deep water around Flores, tlic 
most western isle. 
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Islands, where beds are found containing variable portions of 
trachytic lava and calcareous rocks, some of the lumps of lava and 
limestone being apparently rounded by attrition. There are also 
beds of volcanic ash, or sand, in which calcareous grains are dis- 
persed. In Erroob, igneous rocks cover the sandstones and con- 
glomerates. In this region, also, pumice would appear to have 
been at one time much drifted about, arising probably from 
volcanic eruptions in directions whence a portion of this light 
substance could be driven by prevalent winds and currents. It 
seems to have become mingled with the coral deposits. Portions 
of it are embedded in the coral rock of Raine's Islet, and are 
frequent in the coral conglomerate on the north-east coast of 
Australia.* Captain Wilkes describesf portions of vesicular lava 
as found among blocks of coral conglomerate at Rose Island, a 
small and low coral island, forming the most eastern of the Samoan 
group. We should expect many mixtures of volcanic rocks with 
coral sands and pebbles on the beaches of volcanic islands, fringed 
by coral reefs, as appears often to be the case, and also an occa- 
sional overflow of lava on reefs adjoining land liable to volcanic 
eruptions.} 


♦ Beete Jukes, Narrative of the Voyage of the “ Fly.’^ He describes flats of coral 
conglomerate, half a mile wide, as frequent along shore on the N.E, coast of Australia. 
Upon all these flats, and about ten feet above high-water, there is an abundance of 
pumice pebbles. They occur on the east coast of Australia, under similar conditions, 
for 2000 miles ; are rarely seen on the present beach, or found floating at sea ; and 
Mr. Beete Jukes infers, that this proves either the stationary character of the coast, 
or that it has been equally afifected, for this distance, by elevation or depression. He 
allows for the piling action of the breakers, and considers it as not improbable thrt 
the coast has been slightly elevated, or, at least, has not suffered any depression through 
a long lapse of time. 

f United States’ Exploring Expedition, vol. ii., p. 64. 

X A coral bed, ten feet thick, is stated to occur between two lava streams at 
the Isle of France ; the coral bed elevated, since its formation, above the level of 
the sea. 
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TRANSPORT OF MINERAL MATTER BY ICE. — HEIGHT OF SNOW-LINE. — GLA- 
CIERS. — CAUSE OF THE MOVEMENT OF GLACIERS. — GLACIER MORAINICS. 

MOTION OF GLACIERS.-— GROOVING OF ROCKS BY GLAClEltS. — ADVANCE 

AND RETREAT OF GLACIERS. — GLACIERS OF THE HIMALAYA. 

Very considerable attention has, of late years, been directed to 
the influence of ice in the distribution of detritus, both upm 
dry land and over the bottom of the sea, and to the mechanical 
effects ice may produce on hard rocks, or loose accumulations, 
on or against which it may move or be thrown, upon the land or 
beneath the sea. 

We obsersx the influence of the sun’s heat to be now such 
(whatever view may be taken of any supposed heat in the bcxly of* 
the earth itself, sufficient in previous times, to prevent the forma- 
tion of ice on its surface), that the cold of the planetary space, as it 
has been termed, so acts upon the earth, that it is, as it were, 
encased in a comparatively thin warmer space, outside which, 
water remains permanently solid ; this space having a spheroidal 
form somewhat more oblate than the sea-level, so that, at the 
equator, there is a difference of from 1(3,000 to 17,000 feet between 
the two, and that it joins that level in the Arctic and Antarctic 
regions. Above this, it is inferred that the temperature continues 
to decrease in the atmosphere until, finally, that of the planetary 
space alone prevails.* 

Taking thus the heat derived from the sun as so influencing the 
present surface temperature of the earth, that the cold of* the 
planetary space does not render the waters solid over the whole 
face of the world, we should, from the conditions under wliich tliis 
heat could prevail, anticipate many minor modifications in its 

* Fourier inferred that the temperature of the planetary' space Has ~50^ centi- 
grade (58° Fahr.), and Svanberg held it was -49°-85 centigrade, employing another 
method. Observing this near approach to the result given by Fourier, the latter 
calculated the temperature according to I^mberCs statements, and obtained -50^ •35. 
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action.* These would arise from its different absorption and 
radiation according as it fell upon land or water, and in different 
latitudes ; from the varied relief and character of the land, and its 
intermixture with surface waters ; from the variation in the waters 
as to depths, and the motion of some portions of them from colder 
to hotter regions, or the reverse; from the movement of the 
atmosphere and its varied conditions; and from the periodical 
change in the position of* portions of the earth’s surface, according 
as one hemisphere or the other becomes most exposed to the influ- 
ence of the sun. 

Numerous observations have shown the exact regularity of the 
space, in which water commonly remains liquid, to be much 
disturbed by the modifications noticed ; so that, for all the purposes 
required by the animals and vegetables of our planet, certain 
regions are rendered habitable which would otherwise scarcely 
support life. A very marked instance of this kind is found on the 
north flank of the Himalaya, where the perpetual snow-line, as it 
is termed, is, from a combination of physical conditions, more 
elevated by 1500 or 2000 feet than on the southern side of the 
same great range of mountains.! Minor modifications of the same 
kind are abundant, as also from the influence of great surfaces 
occupied by the sea, and from prevalent winds sweeping over it 
and reaching land ; thus producing marked elevations of the general 
temperature above that at which ice would be common. 

To obtain the snow reposing on the regions or elevated moun- 
tains, piercing through the space above noticed into those portions 
of our atmosphere where the temperature is such that snow more 
or less encrusts them during the whole of the various climatal 
changes of the year, we have to infer evaporation from the land and 
water, modified according to their various states, surfaces, and 


* Respecting the temperature of our atmosphere, M. Arago has remarked, (Ann. 
de Phys. et de Chim., tom. 27,) that, “ 1st, in no part of earth on land will a ther- 
mometer, raised from two to three metres (6*5 to 10 English feet) above the ground, 
and protected from all reverberation, attain 46° centigrade (n4°*8 Fahr.) ; 2ndly, 
in the open sea, the temperature of the air, whatever be the place and season, never 
attains 31° centigrade (87° *8 Fahr.); 3rdly, the greatest degree of cold which has 
ever been observed upon our globe, with the thermometer suspended in the air, does 
not descend 50° centigrade below zero (58° Fahr.).” To this he adds, “ 4thly, the tem- 
perature of the water of the' sea, in no latitude, and in no season, rises above 30° cen- 
tigrade (86° Fahr.).” 

f With reference to the snow-Une on the northern flank of the Himalaya, 
Dr. Hooker states (letter to Sir William Hooker, dated Tongu, N.E. Sikkim, altitude 
13,500 feet, July 25, 1849), “that the snow-line, in Sikkim, lies on the Indian side of 
the Himalayan range at below 15,000 feet; on the Thibetan (northern) slope, at about 
16,000 feet.” 
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localities^ sufScicnt to aSbrd the needful falls of water in this 
form.* 

From the polar regions, where we find such a great amount of 
climatal change, that the influence of the sun, as fer as it can be 
there experienced, is uninterrupted, or nearly so, during one-half 
of the year, and unfelt during the remainder, to the tropical regions, 
where portions of mountain masses may rise so high into the atmo- 
sphere as to support a covering of snow, there are necessarily great 
variations of temperature, the latter becoming less changeable, as a 
whole, in the equatorial portions of the earth. 

When attention is directed to the effects arising from these 
variations of temperature, it is found that the production of glaciers 


* Experiments do not seem to give the temperature at which the evaporation of 
snow or water ceases, so that while a limit may be inferred for this evaporation at 
some height to which parts of a mountain-chain might be elevated, it might readily 
happen that there are none such on the face of our planet, the vapour of water always 
mixing with the gases of the atmosphere up to all the heights in it to which parts of 
the earth’s surface have been protruded. 

Humboldt (Fragmens Asiatiques, p. 549) has given the following table of the snow- 
line on certain mountain ranges : — 


Mountains. 


Latitude. 

Height above 
the Sea. 

Cordillera of Quito . 


0° to 

U° S. 

English Feet. 
15,730 

i^Hvia 

Mexico 

Himalaya: — 

NarUtem Flank . 


0 O 

o 

I7f° S. 
19l° N. 

31° N. 

17,070 

15,020 

16,620 

Southern Flank . 



, 

12,470 

Pyrenees .... 



43° N. 

8,950 

Caucasus .... 



43° N. 

10,870 

Alps 



46° N. 

[ 8,760 

Carpathians . . . 


49^ ,, 

49i° N. 

8,500 

Altai 


49° ,, 

51® N. 

6,400 

Norway .... 
Interior . 


61° ,, 

62° N. 

5,400 

, , ... 


67° ,, 

674° N. 

3,800 

, , ... 


70° ,, 

70J° N. 

3,500 

Cocut .... 


71° ,, 

71i°N. 

2,340 


To these may be added the following observations : — 



Locality. 

Latitude. 

Height above 
the Sea. 

Authority. 


Bolivia 

16° to 18° S. 

English Feet. 
16,263 

Pentland. 


Cordillera of Chili . . 

33° S. 

14;500 

Gillies. 


Chiloe 

40° to 43° S. 

6,000 

Fitzroy. 


Tierra del Fuego . . 

54° 8. 

3,7.50 

King. 


Kamtschatka . . . 

57° N. 

5,308 

Erman. 


Biiren Island. . . . 

! 74° 30' N. 

590 

Durocher. 


M. Durocher (Memoire sur la limite des neiges pcrpdtuelles. Voyage de la 
Recherche, 1845) places the line of perpetual snow in the Arctic Ocean in 78^ N. ; so 
that, at Spitsbergen (N.W. coast), it descends to the level of the sea. 
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stands somewhat prominently forward among those which have a 
geological bearing. In the Alps, Europeans have been long 
familiar with Ae elongated masses of ice, so called, descending 
from the regions of snows, through ravines and rocky depressions 
of various forms, even into fertile valleys, where ripening crops and 
ice may be almost in contact under the heats of summer and autumn, 
in latitudes ranging from 44® to 47'^. De Saussure, though not the 
first to examine them, by^ the charm of his writings, directed no 
little attention to glaciers, and to the effects produced by them. 
Other authors have, at various times, since described them ; and, 
among those of late years, M. Charpentier* and M. Agassizf have 
written much in support of a particular hypothesis as to the mode 
in which these masses of ice moved outwards from the mountain 
heights whence they originated, and as to their former more con- 
siderable range and extension than at present, pointing to many 
circumstances connected with this subject, and of geological value, 
though the hypothesis itself may not be adopted. 

The progress of researches respecting glaciers and their geological 
effects, affords a fair example of the necessity of careful observation 
in a right direction ; so many assertions connected with the mode 
of occurrence and advance of these masses of ice, upon which 
hypotheses were based, having been found, upon actual investiga- 
tion, unsupported by fac^s. Though this has been the case, many 
observations have, from time to time, been recorded, which have 
borne the test of careful investigation ; and no one would appear 
more desirous of admitting the value and importance of real 
additions to our information on this subject, than Professor James 
Forbes, to whom so much of our present knowledge of the Alpine 
glaciers is due.J 

A glacier commences near the line of perpetual snow, but lower 
somewhat than that on the adjacent ground. “There is often a 
passage, nearly insensible, from perfect snow to perfect ice ; at other 
times, the level of the superficial snow is well marked, and the ice 
occurs beneath it. No doubt the transition is effected in this way : 
— the summer’s thaw percolates the snow to a great depth with 
water ; the frost of the succeeding winter penetrates far enough to 


* “ Essai sur les Glaciers et sur le Terrain Erratique du Bassin du Rhone,” 1841. 
Lausanne. 

f “ Etudes sur les Glaciers,” 1840. Neuchatel. 

X See his Travels through the Alps of Savoy and parts ot the Pennine Chain, with 
observations on the Phenomena of Glaciers, 2nd edit., Edinburgh, 1845; and his 
papers printed in the Philosophical Transactions, for 1846. 

P 
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freeze it at least to the thickness of one year's fall, or, by being 
repeated in two or more years, consolidates it more effectually,"* 
The part of a glacier, where the surface begins to be annually 
renewed by the immelted accumulation of each winter, is commonly 
known as nM, and true stratification has been here recognized by 
De Saussure and other writers. Professor Forbes agrees with M. 
de Charpentierf in thinking that this stratification becomes entirely 
obliterated as the n^vS passes into complete ice.J The crevoBseSy 
or great fissures, in the nivi are considered to differ from those 
lower down the glacier in their greater width and irregularity, and 
the caverns in it to be more extensive and singular in their forms, 
from the greater facility witli which the niv6 is thawed and water- 
worn. 

Further down the valley, or ravine, in which the glacier finds 
its way, much will necessarily depend, as to the form and appear- 
ance of the latter, upon the general character of the ground tra- 
versed. The ice changes its character : it is not like that produced 
by the freezing of still water in the lake, but “ laminae, or thin 
plates of compact transparent blue ice, alternate, in most parts of 
every glacier, with laminse of ice not less hard and perfect, but 
filled with countless air-bubbles, which give it a frothy semi-opaque 
look." The alternation of bands, then, is marked by blue and 
greenish-blue or white curves, which are seen to traverse the iee 
throughout its thickness whenever a section is made. It is, there- 
fore, no external accident — it is the internal structure of a glacier, 
and the only one which it possesses, and may be expected to throw 
light upon the circumstances and formation of these masses.”§ 


♦ Forbes’ Travels through the Alps of Savoy, 2nd edit., p. 31. 
f For his views respecting glaciers, consult M. dc Charpentier’s Essai sur les 
Glaciers et sur le Terrain Erratique du Bassin du Rhone. Lausanne, 1841. 

X “ The granulated structure of the neve is accompanied with the dull white of 
snow passing into a greenish tinge, but rarely, if ever, does it exhibit the transparency 
and hue of the proper glacier. The deeper parts are more perfectly congealed, and 
the bands of ice, which often alternate with the hardened snow, are probably due to 
the effect of thaw succeeding the winter coating, or any extraordinary fall. On 
exposed summits, where the action of the sun and the elements is greater, the snow 
does not lie so long in a powdery state, and the exposed surface becomes completely 
frozen.” Forbes’ Travels through the Alps, &c., 2nd edit., p. 32. 

§ Forbes’ Travels through the Alps, &c., 2nd edit., p. 28. It is remarked, respect- 
ing this structure, that it is the consequence of the viscous condition of the mass and 
its movement. It is observed that it has all the appearance of being due to the 
formation of fissures in the aerated ice or consolidated nevd, which fissures having 
been filled with water drained from the glacier, and frozen during winter, have pro- 
duced the compact blue bands ” (p. 372). Professor Forbes considers, that, as tl»e 
vi8cx)u8 mass moves onward, the central parts faster than the sides, these fissures, 
filled with ice, take a more horizontal position in the general moss, with such modi- 
fications as may be expected on the sides and bottom where the friction is greatest, 
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Below the neviy the glacier commonly finds its way, amid various 
depressions of difierent forms, to the lower ground, far beneath the 
line which marks the usually constant presence of snow throughout 
the year. The accompanying view (fig. 84, p. 212) of Mont Blanc, 
taken from the Brdven, a mountain rising high above the valley of 
Chamonix, which separates the Brdven from the Mont Blanc, will 
give a better idea of the passage of the glaciers downwards into the 
lower valley, than a verbal description, and more especially as the 
altitude and position of the Brdven itself prevents that foreshortening 
and less instructive view obtained from beneath. 

As the great icy mass descends from the region of the nhi to 
the lower ground, the crevaBses much in length and breadth, 
sometimes extending across the whole glacier,* and this, as might 
be expected, according to the character of the surface on which it 
may repose. As it descends into warmer regions, the glacier is 
necessarily exposed to the influence of higher temperature, and il‘ 
it did not obtain the needful supply from above, it would there 
dimmish in bulk and disappear. As this supply varies, the 
extension of a glacier will correspond with the kind of seasons 
experienced, so that it may descend further into the lower valleys 
at one time than another ;t thus its actual amount of protru- 
sion into a valley may depend, for the time, upon effects produced 
through many seasons, and be liable to frequent change. 

accompanying his remarks by ideal sections of glaciers and real sections of viscous 
bodies experimented upon for illustration. He observes, “ that this ribboned structure 
follows a very peculiar course in the interior of the ice, of which the general type 
the appearance of a succession of oval waves on the surface, passing into hyperbolas, 
with the greater axis directetl along the glacier. That this structure is also developed 
throughout the thickness of a glacier, as well as from the centre to the side, and that 
the structural surfaces are twisted round in such a manner, that ihe frontal dip, as we 
have called it, of the veins, as exhibited on a vertical plane cutting the axis of a 
glacier, occurs at a small angle at its lower extremity, and increases rapidly os we 
advance towards the origin of the glacier” (p. 372). 

* In the account of his passage over the Col de Geant, Professor Forbes mentions 
an immense chasm or crevasse, extending wholly across a glacier in the descent on 
the Chamonix side, and at least 500 feet in width. “ It terminated opposite to the 
precipices of the Aiguille Noire in one vast enfoncemmt of ice, bounded on the hither 
side by precipices not less terrible.” Travels through the Alps &c., p. 238. 

t Among the numerous examples of the varied extension and volume of glaciers 
known in modem times, there would appear none more illustrative than that of the 
Brenva, on the Italian side of Mont Blanc. In 1818 it attained a height different 
from that found by Professor Forbes, in 1842, of at least 300 feet, as proved by that 
of a rock, upon which a well-known chapel (Chapelle de Berrier) was placed, which, 
with the rock on which it stood, was heaved and fissured by the rise of the ice. This 
great increase of volume, and its decrease in the 24 years, is well attested. The 
Professor remarks, that the mean temperature for the five years preceding 1818, when 
the glacier was thus of such increased volume, presented no morked change, the mean 
temperature at Geneva being for that time 7o*61, Reaumur (490- 12 Fahr.) ; the mean 
for the last 40 years, in the same timm, being 7°* 75 (49°* 44 Fahr.)— Travels, &c., p. 205. 
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The turbid waters, rusliing out from beneath the glaciers of the 
Alps will be familiar to all who have visited those mountains, as 
also the caverns ol‘ ice through which these waters commonly find 
their way when they arc most abundant. With respect to such 
waters. Professor Forbes has pointed out that they may not only be 
due to the ice melted by contact with the rocks on which it moves, 
to the fall of rain upon the ice drained by the glacier valley, in 
the season when rain falls, and to the waste of the glacier itself 
by the sun and rain, but also to the natural springs rising from 
beneath the ice, as in any other locality.* * * § 

With respect to the cause producing the motion of glaciers, 
different views have been taken ;f Professor Jafnes Forbes con- 
siders it as “ convincingly proved,^ that the motion of a glacier 
varies not only from one season to another, but that it has definite 
(though continuous) changes ol’ motion, simultanc(ms throughout 
the whole, or a great part of its extent, and therefore due to some 
general external change,” and that “ this change has been shown 
to be principally or solely the effect of the temperature of the air, 
and the conditions of wetness or dryness of the ice.”§ Witli 
regard to the movement itself, the Professor has pointed out “that 
the ice does not move as a solid body, — that it does not slide down 
with uniformity in diffcjent parts of its section, — that the sides, 
which might be iinaglaed to be most completely detached from 
their rocky walls during summer, move slowest, and are, as it were, 


* With respect to the waste of the glacier by the sun and rain, Professor Forbes 
remarks, that it is “ a most important item, and which constitutes the main volume 
of most glacier streams, except in the depth of winter. It is on this account that the 
Rhine and other great rivers, derived from Alpine sources, have their greatest hoods 
in July, and not in spring or autumn, as would be tlie case if they were alimented by 
rain-water only. On the same account, the mountain torrents may be seen to swell 
visibly, and roar more loudly, as the hotter part of the day advances, to diminish 
towards evening, and in the morning to be 8m;dk‘8t.” ** Winter is a long night 
amongst the glaciers. The sun's rays have scarcely pi>wer to melt a little of the 
snowy coating which defends the proper surface of the ice ; the superficial waste is 
next to nothing, and the glacier torrent is reduced to its narrowest dimensions."— 
Travels through the Al])8 of Savoy, &c., 2nd edit., pp. 20, 21. 

t The chief of these view's will be found in the works of MM. de Saussure, Do 
Charpentier, Agassiz, Elie de Beaumhsit, Mr. William Hopkins, and of Professor 
James Forbes. In the latter they will be seen discussed in much detail, and the 
Professor’s own views advocated, especially in his Tra\ols thnmgh the Alps of 
Savoy, &c., in chap. xxi. (entitled ** An attempt to explain the leaiiiug Phenomena of 
Glaciers"), and in his papers entitled “ Illustrations of tJie Viscous Theory,” pub- 
lished in the Philosophical Transactions for 1846 A very detailetl account of the 
works and views respecting glaciers will also be found in the llistoire des Progr^ de 
la Geologic, do 1834-1845, by the Vicomte d’Archiac, Paris, 1847. 

I Travels through the Alps of Savoy, &c., and alluding to chap. vii. 

§ Ib., chap, xxi., p. 363. 
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dragged down by the central parts.” * His theory is, that a 
glacier is an imperfect fluid, or a viscous body, which is urged 
down slopes of a certain inclination by the mutual pressure of its 
parts.” t He does not, however, doubt that glaciers slide on 
their beds, as well as that the particles of ice rub over one another, 
and change their mutual positions.” J 

The movement of glaciers is important as regards the transport 
of mineral substances, inasmuch as by it they bear onwards upon 
their surfaces any fragments of rock that may fall upon them f rom 
the heights amid which they pass ; thrust before them any loose 
accumulations of blocks, gravel, sand, and earth which may oppose 
their course, and even break off* portions of rocks where the re- 
sistance of the latter is less than the force of the glacier, divisional 
planes, such as joints and cleavage, with the natural bedding of 
rocks, often rendering the mass of such rocks less resistant than it 
would otherwise be. The observer, accustomed often to see the 
steep cliff's of many a mountain region covered towards tlicir bases 

♦ Travels tlirough the Alps of Savoy, &c. chap. xxi. p. 3r»3. As to the diflorent 
rates of motion of a glacier, it is observed that a glacier. “ like a stream, has its 
still pools and its rapids. "Where it is embayed by rocks it accumulates— its declirity 
diminishes^ and its relocityy at the same time. W^hen it passes <lown a steep, or issues 
by a narrow outlet, its velocity increases. The txntral velocities of lower, middle, 
and higher regions of the Mer de Glace are— 1*398, *.574, and *925; and if we 
divide the length of the glacier into three parts, we shall find these numbers for its 
declivity, 15", 4j^, and 8°.— Forbes’ Travels, kc , p. 371. 

t Ib., p. 365. It would lx* somewhat out of place in this work to enter more fully 
into the theory of glacier movements. Respecting the thec^ry of the viscous c-onditioii 
of a glacier, Professor Forbes alludes to its spreading as a viscous botly w<iuhl do 
when a glacier passes out of a narrow gorge into a wide valley, stating that this fact 
had been first brought prominently forward by M. Rendu, now’ Bishop of Annecy 
(Travels, p. 367.) M. Rendu (Th^rie des Glaciers de la Savoie, Ctuimber)’, 1840) 
divides glaciers into glaciers reservoirs and glaciers cC ecoulemeni, the former in the high 
regions, and the latter descending into the lower valleys, lie estimates the height of 
the separation between the two in Savoy at 2,923 metres (9,5‘.K) English feet). He 
points to the accumulation of snow in the higher regions, the rain, w’heii it falls there, 
freezing, and to the feeding of the lower glaciers by the descent of this snow and ice! 

X But,” he adds, “ I maintain that the former motion is caused by the latter, and 
that the motion impressed by gravity upon the superficial and central ports of a gla<‘ier 
(especially near its lower end), enables them to pull the lateral and inferior purls 
along with them. One proof, if I mistake not, of such an action is, tliot a deep cur- 
rent of water flows under a smaller declivity than a shallow’ one of Uie same fluid. 
And this consideration derives no slight confirmation, in its apiilication to glaciers 
from a circumstance mentioned by M. Elie de Beaumont, which is so true that one 
wonders that it has not been more insisted on- namely, that a glacier, where It 
descends into a valley, is like a body, pulled asunder or stretchc*d, and not a iMuly 
forced on by superior pressure alone” (p. 370). In a note to tins tWiMage, Uie I*n)fetiS 4 »r 
remarks, “ tltat a state of universal distension, or a state of univcntal compression. 
Is ecjually incompatible with tJie existing pheiioroerm of most glaciers, and that c«»in- 
pression in some parts and distension in others ore plainly indicated by their natural 
features.” 
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by the d^ris detached by atmospheric influences from above, 
and especially in climates or regions where frosts and thaws 
often alternate, would readily expect these fragments to move 
onwards with the glacier on the edges of which they may fall.* 
Instead, therefore, of accumulating in a talus of d^ris, as can be 
well studied in many mountainous regions, the mass of fragments 
moves slowly onwards, and the protection from atmospheric 
influences afforded by this talus to the solid rocks beneath it (in 
some mountain countries collectively very considerable), is removed 
precisely in localities where the vicissitudes of climate are often so 
great that it can be the least spared. 

The blocks and smaller fragments (necessarily very variable in 
form and volume, according to the character of the overhanging 
rocks, and the amount of their decomposition anterior to their 
fall), thus strewed upon the glaciers, are well known as m(yraines,\ 
These moraines also necessarily differ in general volume, according 
to the amount of matter which may be detached from the heights 
above the glacier, and the rate of movement of the glacier itself on 
the sides adjoining the sources of the detached fragments. Two 
lines of moraine will mark the edges of a glacier, should the heights 
on either side of it afford the needful supply, as also a mass of rock 
rising through a glacier, should it also afford fragments, as has been 
pointed out by Profess or Forbes. When two or more streams of 
glaciei's unite, each bearing its two, or even as we have seen, three 
lines of rock fragments, the union will so dispose of the lines as to 
form a less number for the remaining course of the glacier, as in 
fig. 85, where the glaciers coming down the valleys A and B, and 
uniting the four moraines, two on the sides of each glacier, become 
three (a), (S), ((?), by the union of the lateral moraines 2 and 3 into 
a central moraine (i). Various other unions, easily imagined, are 
produced, as minor contribute to main glaciers. A great central 
moraine may be established by the junction of two long lines of 
glacier sides, unbroken lor a considerable distance, and upon which 


* Tlio debris on mountain sides often completely masks their character as left 
anterior to such coverings. There are few mountainous regions which do not show 
this when carefully examined. Mining operations often prove it on the sides of hills. 
Uavines, where ravines may not bo uncommon, arc usually favourable for observa- 
tions of this kind ; as, for example, many instances are found in Derbyshire, where 
the faces of steep clifft arc often modified in this manner, the long-continued action 
of atmospheric influences having smoothed oflf many a precipitous hill side, where the 
same efibets may be seen in daily progress. This action has greatly modified the fbco 
of most countries, especially when combined with landslips. 

t This name has become c4)romon witli us from the works of Dc Saussurc and others 
writing in French. Guffer is the Gorman terin for them. 



216 


GLACIER MORAINES. 


[Ch. XIL 


a great fall of fragments may take place, while the opposite sides 
may be marked with slighter lines of moraine, derived from tribu- 
taries receiving a less amount of fragments. 

Fig. 85. 



The following view (fig. 86), representing the upper part of the 
glacier of the Aar,* well shows the lines of moraine coming down 
from the glacier of the Finsteraarhom, on the left, and from that 

Fig. 86. 



of the liauteraarhomer, on the right. It also illustrates the form- 
ation of a single line of moraine in the centre, by the union of the 

from a view in ttie aur let GUcient V»y AgaMtix. Neuchatcl, 
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two lateral moraines of the glaciers above noticed. Examples are 
also seen of the mushroom-like appearance produced by the unequal 
melting of the surfece of a glacier, so that protection being afforded, 
as long since pointed out by De Saussure, by a block of rock 
(particularly if it has so fallen on the glacier as to rest in a tabular 
manner), the ice beneath has not disappeared so rapidly as around 
it, and thus the block is raised upon a stem of ice. Some of the 
blocks thus supported are very large.* It is, in the same manner, 
to the protection from the sim and rain afforded to the ice beneath 
by the mass of the moraine, that it often rises above the ice.t 

The following viewj (fig. 87, p. 218), of the upper part of the 
glacier of Zermatt, also shows the effects produced, as regards mo- 
raines, by the union of glaciers. On the left, the lines of moraine arc 
derived from the glacier of Monte Rosa and of the Gomerhom, 
with the lateral moraine of the foot of the Riffelhom and die great 
moraine of* the Breithom. On the right are the glaciers of the 
Little Cervin and of the Furke-flue. The crevasses across the 
united glaciers are well exhibited in front, as also the rise of the 
ice above the side of the glacier, showing that the blocks and other 
rock fragments, there home onwards, would have a tendency to fall 
over and accumulate in a lateral moraine, off tlie ice, and upon the 
adjoining lower ground. 

If the rate of*raoveniCiit of a glacier depends upon the slope and 

* A large one, observed by Professor Forbes in 1842, is represented in his Travels 
through the Alps, &c., pi. 1, and he gives the following instructive account of it:— 
“ There lies on the ice a very remarkable flat block of granite, which particularly at- 
tracted my attention on my first visit in 1842 to that part of the glacier. It is a mag- 
nificent slab, of the dimensions of 23 feet by 17, and about 3^ in thickness. It was 
then easily accessible, and by climbing upon it and erecting my theodolite, I made 
observations on the movement of the ice ; but as the season advanced it changed its 
appearance remarkably. In conformity with the known fact of the waste of the ice at 
its surface, the glacier sunk all round the stone, while the ice immediately beneath it 
was protected from the sun and rain. The stone tlm** appeared to rise above the level 
of the glacier, supported on an elegant pedestal of benutifully veined ice. Each time 
that I visited it, it was more difficult of ascent, and on the 6th August, the pillar of tee 
was thirteen feet hiyh^ and the brood stone so delicately poised on the summit of it 
(which measured but a few feet in any direction), that it was almost impossible to 
guess in what direction it would ultimately fall, although by the progress of the tliaw, 
its fall in the course of the summer was certain. Piiring ray absence in the end 
of August, it slipped from its support, and in the month of September it was begin- 
ning to rise on a new one, whilst the unmelted base of the first w'os still very visible 
on the glacier.’* (p. 92.) 

t The glacier cones, as they are called, are accounted for on the same principle of 
protection from the infiuence of the sun, sand washed by rain-w*atcr into cavities on 
the glaoier finally so accumulating that it prevents the melting of the ice beneath at 
the rate experienced around, so that the sand still remaining on the ice, the latter 
takes the form of a cone with a sandy covering. They have been found to 30 feet 
in height, and 80 to 100 feet in circumference.— Agassis, Etudes sur les Glaciers, 
chap. X., and Forbes’ Travels, &c., chap, ii., p. 26. 

X Also taken from the litudus sur Ics Glaciers, by Agassis. 
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form of the subjacent and boundary rocks, all other conditions 
being equal,* we should expect it to vary very materially in the 
course of the same glacier, and in diflferent glaciers. The very 

Fig. 87. 





careful investigations of Professor James Forbes have proved the 
correctness of the view taken by M. Kcndu,t tliat the central 
p>rtions move faster than the lateral,^ so that the blocks and frag- 


* When the rates of advance of different glaciers arc compared with the slo|)cs cmi 
which they move, it is very essential to take all other conditions into account, a pre- 
caution wUch docs not appear to have been always adopted, 
t Thwrie des Glaciers dc la Savoie, p. 63. 

X Travels through the Alps of Savoy, &c., chap, vii., entitled ** Account of Experi- 
ments on the Motion of tlie Ice of the Mcr dc Glace of ('hamouni.'* The means 
adopted were of an order to insure success. The Pn»fes8or selected a point on the 
ice, and determined its position with respect to throe fixed co-ordinates, having refer- 
ence to the fixed objects around. He found, after the observations of four days, 
that the ice on which his instrument was placed moved during each 24 hours at the 
rate of 

\f>-2 : ~ 16*3 : ~ 17 5 ; - 17*4 inches, 
a variation which he considered due to the increasing heat of the weather. On trying 
the rate of nocturnal motion, as compareni with the diurnal, the Professor found 
exactly one-half, the night liaving l>ocn cold. The general motion was not by fits of 
advance and lialls, but orderly and continuously. Ry well-cxitisidered arrangements, 
he also found that the somewhat common opinion of the sides of a glacier moving 
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merits of the medial lines of moraine descend further in less time 
than those on the sides, even when the latter are not thrown over, 
and left on the ground bounding the sides of a glacier. From the 
nature of the transport, any enormous mass of rock, detached from 
a height above a glacier, will move as readily onwards as a small 
fragment ; indeed, from its protecting influence against the action 
of the sun and ram, it would tend to preserve the ice beneath far 
more effectually, considering the subject generally ; not, however, 
forgetting that from the unequal melting of the ice aroimd and 
partly beneath, it may be tilted off*, not only into a crevasse, where 
it might advance with the general march of the glacier, but also 
into some situation where its progress may, for a time at least, be 
arrested. Some of the blocks ol^rved on the glaciers arc of very 
considerable dimensions. Professor Forbes mentions having seen 
one on the ice of the glacier of Viesch, in the Valais, nearly 100 
feet long, and 40 or 50 feet high.* 

faster than the centre vras incorrect, and that, on the contrary, their motion was 
slower. From the 29th June to the 1st July (1842), while the sides of the part of the 
Mer de Glace experimented upon moved at a rate of 17*5 inches for each 24 hours, 
the centre advanced 27*1 inches. Other experiments on other parts of the glacier 
led to similar results. It was found that, (1) The motion of the higher parts of the 
Mer dc Glace is, as a whole, slomer than that of its lower portion, but the motion of 
the middle region is slower than either. (2) The Glacier de Geant moves faster than 
the Glacier de L^haud. (3) The centre of the glacier moves faster than the sides. 
(4) The difference of motion of the centre and sides of the glacier varies with the 
season of the year, and at different parts of the length of the glacier; and (5) The 
motion of the glacier generally varies with the season of the year and the state of the 
thermometer.” Subsequent investigations enabled Professor Forbes to state (Philo- 
sophical Transactions, 1846, “ Illustration of the Viscous Theory of Glacier Motion,” 
parts 1, 2, and 3), that the movement of the Mer de Glace went on continuously 
for several days, and he gives a valuable table of the apparent and relative motion of 
4.') points, two feet apart, in a line traversing tlic axis of this glacier, in 1844 (p. 171). 

The motion of a particular stone, named the Pierre Platte, on the Mer de Glace, 
was observed to be as follows : — 

From the 1 7th September, 1842, to 12th September, 1843, 
the advance in 360 days was ..... 236*8 feet. 

Reduced to the year of 3t»5 days 260*4 , , 

Mean daily motion 8*56 inches. 

From I2th September, 1843, to 19th August. IS44, 342 
days. ......... 270 feet. 

Proix)rtional motion for 365 days 288*3 , , 

Mean daily motion 9*47 inches. 

There are also important tables of the motion obscrvctl at two stations on the Gla- 
cier des Bois (one observed from the 2nd October, 1*^41,10 the 2l8t November, 
184.5, and the other from 4th December, 1844, to 2l8t November, 1845) ; and at two 
stations on the Glacier des Boissons (one from 20th November, 1844. to 22nd Novem- 
ber, 1845, and the other from 2nd October, 1844, to 22nd November, 1845), showing 
the variable, but continued progress, of these glaciers during the intervals. Among 
the results, it appeared that ** in both glaciers tlie sununer motion exceeds the winter 
motion in a greater proiH>rtion as the station is lower, that is, exposed to more violent 
alternations of heat and cold ” 

* Travels, &o., p. 46. A very large granite block, also seen by tlic Professor upon 
the Mer dc Glace, in 1842, is figured by him in the same work, p. 57. 



S90 


LARGE BLOCKS OF ROCK LEFT BY GLACIERS. [Cn. XII. 

While thus fragments of all dimensions, and in great abundance, 
find their way with an unequal rate of movement, according to 
their position on a glacier, to lower levels, numerous others ai*c 
arrested in their progress, tilted oflf and left on the ground adjoining 
its sides, should circumstances permit. When a glacier so changes 
its volume as to occupy a higher relative level at one time than 
another, amid the mountain depressions and ravines over and 
through which it may move, and the conditions for leaving mar- 
ginal accumulations of rock fragments on the outside of* it obtain, 
such accumulations, should the ice afterwards decrease in volume, 
would remain to attest this previous state of the glacier.* Ko 
marks of this kind would be left where the sides of a ravine or clifl’ 
were so steep that the blocks could not find rest. The fragments 
would either rise or descend with the glacier, some probably falling 
into any space left between the ice and the wall of rock, and open 
either from a certain amount of melting of the glacier at its contact 
with the rock, or from the passage of* the mass of ice along the 
uneven front of a cliff, cavities of different kinds thus presenting 
themselves. 

From fragments of rock becoming jammed between the ic^ of 
a glacier and it« r<Kjky walls, as cannot fail often to be the case, 
and indeed is well known, the friction ol’ these fragments, pressed 
by the great fc»rcc of the gkeier, gr<»cA'es and furrows the adjoining 
rocks in lines corresponding with thc»ir motion. Pnifessor Forl)e.s 
gives the following interesting view (fig. H9) of the * Angle,’ Mer 
de Glace, where granite bl(K’ks are jammed in between the ice and 
the rock, wearing “ furrows in the retaining wall, which is all 
freshly streaked, near the level of the ice, with distinct parallel 
lines, resulting from this abrasion. The juxtap(»sition of the |X)wer, 
the tool, and the matter ojxjrated on, is such us to leave not a 
moment’s doubt that such stria* mu.««t result, even if their presence 
could not be directly provt‘d.”t I'hi.s friction almc wouhl tend 

♦ Profc«8or Forbes (Travels, &c., j». 24) has ffiveu a very illustrative serf inn 
(6g. 88), showing the manner in which fragments (r) of rock may be left by tlie <b- 

Fi;r. 88. 



crease of a gl^ior, and in which a jiart of a Imtoral moraine may fall inU» a cavity, «, 
l^tweeii Uie ice and tlic boundary rock, or Ih; left stratide<l on an ineJinetd altore, I*- 
1 he section of a central moraine is seen at tl. 
t Travels, fcc. The iA(N>dcut is a reduced sketch fioin pi. :i. p 7ii. 
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reduce the fragments to less size, and even to fine powder. Looking 
at the general conditions of* glacier movements, the kind of ground 
these masses of ice pass over, and to the introduction of fragments 
from the sides, and even through the crevasses to the bottom, we 

Fig. 89. 



should expect that the grooving and scratching would be con- 
siderable on the bottom and sides, mingled with an extensive 
smoothing of surface, as if, in the applicatiem of a huge polishing 
apparatus, acting, as a whole, with minor deviations, in one direc- 
tion, harder grains were strewed about, so tliat scratching as well as 
polishing was cfiected.* This scratching and smoothing by 
glaciers has been chiefly observed, with rcfercnco to their geological 
value, in modern times, though the rounded and polished surfaces 
frequently seen have been long known by the name of Roches 
McmtmneeSy that assigned them by De Saussure. 

From the general grinding of glaciers on their beds, the friction 


* Though the grooves arc usually long, jiarallel, and polished, the minor scratches 
often cross each other. 
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of the fragments on each other, and the decomposition of many 
kinds of rock in regions where the alternations of frost and thaw 
are so common, particularly in the warmer parts of the year, 
much finely-comminuted mineral matter could scarcely fail to be 
exposed to the action of any running water, finding its way amid 
the glacier, and along its sides and bottom.* The streams and 
rivers derived from glaciers have commonly a marked character, 
as above noticed, from the quantity of fine mineral matter in 
mechanical suspension. These sometimes fall into lakes, and leave 
the fine sedimentary matter behind them, as is the case with 
many amid and on the skirts of the Alps, while some have a con- 
siderable course, as, for example, the Durance (bearing the glacier 
waters of Monte Viso), and many tributaries of the Po, fed by 
glacier streams from the southern side of Mont Blanc, and other 
Italian portions of the high Alps. 

Independently of the mass of fragments which may be borne 
forward by a glacier, when it is on the increase outwards, from 
a fitting combination of conditions, it ploughs up the ground 
before it, thrusting forward the loose substances, no matter how 
accumulated, and with them, should they come in its course, 
fields, woods, and houses. We remember seeing the Glacier des 
Bois thus crushing and forcing all before it during its advance 
in 1819.t These accumulations, to which the transported blocks 
and minor fragments of rock arc being added, as the ice melts, 
which once supported and carried them onwards.J arc known as 
terminal moraines, and by their position a glacier is inferred to 


* There is much finely-comminuted mineral matter distributed over some parts 
of many Alpine glaciers. It is sometimes so fine as to enter the interstices of the 
more porous ice, thus distinguishing the latter from the more ccimi)act bands. 
These “ dirt bands,” os Professor Forbes terms them, were of much service to him 
in his examination of the structure of glaciers. Alluding to the discoloration from 
this finely-comminuted detritus, the Professor observes, “ The cause of the dis- 
coloration was the next point, and my examination satisfied me, that it was not, 
properly speaking, a diversion of the moraine, but that the particles of earth and 
sand, or disintegrated rock, which the winds and avalanches and water-runs spread 
over the entire breadth of the iccj found a lodgement in those portions of the glacier 
where the ice was most porous, and that consequently the * dirt bands’ were merely 
indices of a pecidutrly porous veined strveture traversing t/te mass of the ylacier in 
these lifrecfMwif.”— Travels, Ac., p. 163. Upon careful examination these ** dirt bands” 
were found to be quite superficial. 

t In 1820 it attained its greatest know n modem advance into the valley of Cha- 
monix. 

X Respecting the blocks and fragments of rocks thus carried outwards, M. Rendu 
has remarked that some of them can be occasionally traced to the very commence- 
ment of a glacier. — Th^rie des Glaciers de la Savoie. 
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be, for the time, either retreating, advancing, or stationary.* That 
glaciers advance and decrease is well known, and this to consider- 
able distances, so that many a terminal moraine left at one time, 
may be again forced forward at another, part of it so caught in 
the advance of the ice as to be employed in grooving and scratch- 
ing the solid rocks beneath, then bared and passed over by the 
glacier. Enormous blockst are often left by glaciers in their retreat ; 
indeed, under such circumstances, they would not only leave the 
terminal moraines, marking their extension for the time, and 
during periods of increase, but also their whole load of blocks and 
fragments, up to the new limits of the decreased glaciers. 

Supposing a glacier to advance and retreat fron\ causes which, 
though variable on the minor scale, arc constant for considerable 
intervals of time, there would be no small amount of blocks and 
fragments of rock, too considerable to be borne onwards by river 
action, left either perched on various parts of the mountain sides, 
or distributed over the valleys, within the range of increase and 
decrease of these masses of ice in glacier regions. This great and 
constant general action, continued through long time, would 
scarcely otherwise than very considerably modify the state of the 
area from that original condition, when the glaciers were first 
formed, even supposing no alteration in the relative level, as 
respects the sea, of the mountain masses amid which they occur. 
Avalanches aid in the general descent of fragments of rocks, 
carrying many, with their snows, to lower levels, sometimes falling 
on glaciers, sometimes into deep valleys, where the fragments are 
merely exposed to the ordinary action of rivers. 

Taking the general causes and movements of glaciers in the 
Alps for his guides, the observer is enabled to infer how far 
glaciers would be found in other regions. M. Elie dc Beaumont 
has pointed out,{ that from the little variation of climatal con- 

* Professor Forbes, after quoting M. Venetz (vol. i. of the Transactions of the 
Swiss Nat. Hist. Society), as pointing out ** that passes the most inaccessible, 
traversed now, perhaps, but once in twenty years, were frequently passed on foot, 
sometimes on horseback, between the eleventh and fifteenth centuries,** considers the 
evidence important, as showing that a very notable enlargement of these boundaries 
(glacier boundaries), was consistent with the limits of atmt>spheric temperature, 
which we know that the Europeait climate has not materially overpassed within 
historic times.’* — Travels, &c., pp. 43, 44. 

t Professor Forbes mentions one of green slate, pushed forward by the glacier of 
Swartzberg, valley of Saas, and now left at a distance of about half a mile from the 
glacier by its retreat, estimated by M. Venetz to contain 244,000 cubic feet. This 
mass, if about 14 cubic feet be taken to the ton, would weigh no less than 17,428 tons. 

X Remarques sur deux points dc la Theorie des Glaciers, Annales des Sciences 
Geologiques, 1842. He observes that glaciers being due to annual and not merely to 
diurnal conditions, there could be only perpetual snow's, and not glaciers, under the 
equator, where tlje variations of temperature are only diurnal. 
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ditions in tropical regions, glaciers would not be expected 
among the mountains there situated, and sufficiently high to be 
clothed with perpetual snow. Where the alternations of frost 
and thaw, snow and rain, would be insufficient to produce the 
needful amount of neve, assuming this to be the storehouse whence 
the glaciers are supplied, these would not be found. Looking, 
therefore, at the different known regions of the world, their varied 
relief) as regards the distribution of high and low land, the dif- 
ferent amount of water supply from the atmosphere, either in the 
shape of snow, hail, or rain ; changes of temperature during various 
times of the year, and their amount; prevalent or periodical winds 
— one set dry, the other bringing abundant moisture, and proximity 
or distance from the sea — the observer finds no want of modifying 
conditions for the presence or absence, and geological importance 
of glaciers. At one time glaciers were somewhat doubted among 
the great range of the Himalaya, but several are now known. 
The height of the lowest part of the Finder glacier is estimated at 
about 11,300 feet above the sea, and that of the Kuplinee glacier 
at 12,000, which, the height of the perpetual snow line near them 
being considered at about 15,000 feet, would give a glacier descent 
of* 3,700 feet for the former, and 3,000 feet for the latter.* The 
lowest part of the glacier of the Ganges is 12,914 feet above the 
sea, according to Captain Hodgson. 


* Captain Strochey, Bengal Engineers, Jameson^s Edinburgh New Phil. Journal, 
vol. xliv., p. 119, and Journal of the Asiatic Society of Bengal, No. viii., p. 794. 
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ARCTIC GLACIERS REACHING THE SEA. — NORTHERN ICEBERGS AND THEIR 
EFFECTS. — ANTARCTIC GLACIERS AND GREAT ICE BARRIER. — GEOLO- 
GICAL EFFECTS OF ANTARCTIC ICEBERGS. — GLACIERS OF SOUTH GEORGIA. 
— GLACIERS OF SOUTH AMERICA.— TRANSPORT OF DETRITUS BY RIVER 
ICE. — GEOLOGICAL EFFECTS OF COAST ICE. — EFFECTS OF GROUNDED ICE- 
BERGS. — GENERAL GEOLOGICAL EFFECTS OF ICE. 

Proceeding from the temperate parts of the world, where lands 
rise suflSciently high into the atmosphere to obtain a constant 
covering of snow, and the fitting conditions permit glaciers to 
descend amid the adjacent valleys at lower levels,* to the Arctic 
and Antarctic regions, we find glaciers not only covering various 
portions of land, but jutting into the sea, the line of perpetual 
snow having descended towards its level. If the observer will in 
imagination, and by reference to the view of part of it previously 
given (fig. 84), fill up the valley of Chamonix with sea to the 
height of about 4000 feet above the village of Chamonix (3,425 feet 
above the sea), and, therefore, so that the perpetual snow line 
descended (in round numbers) to within about 1,000 feet from the 
sea level,"!* it will readily be seen that numen^us glaciers would jut 
into the sea, resting upon and grating along the rocks forming 
their bases and sides, imtil the emersion in the water became such 
that they floated at their extremities, the transport of fallen frag- 
ments being continued in the manner that it now is, until the 
glacier reached the sea. Here the conditions for their further 
transport would be modified. Instead of terminal moraines, the 
blocks would be thrown into deep water, and those which now 
fall off* the lateral moraines would be distributed at greater or less 

* In the Pyrenees, the conditions for the production of glaciers would appear to 
be such, that, where they occur, they are almost always found on the northern slopes 
of the mountains. 

t Taking 8,500 feet above the sea as the snow line for the Alps, the altitude 
inferred by Professor Forbes. 

Q 
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distances from the new shores. Modifications would also arise 
from the increase or decrease of the mass of the glaciers, assuming 
the needful climatal changes. If we now add wave and breaker 
action, and tides, it will be seen that there would be a tendency to 
have the protruding portions of the glaciers, where they floated, 
broken away by the one and the other, more particularly when 
the glaciers were weakened by lines of crevasses, formed, as now, 
upon the land, before the protrusion seaward was effected. Great 
masses of ice would thus be borne away, supporting their moraines, 
gathered and transported outwards, as at present. 

This imaginary case may be considered as realized, from the 
near approach of the perpetual snow line to the sea, with certain 
obvious modifications, in portions of the Arctic regions. Glaciers 
formed, necessarily, at minor altitudes above the sea, there descend 
to the shores in various situations, as, for example, in parts ol‘ 
Greenland and Spitzbergen,* even advancing beyond them, so that 
their extremities become separated and arc borne away by tidal 
streams and sea-currents, the masses of ice often loaded with the 
fragments of rock detached from the cliffs and heights amid which 
the glaciers moved outwards, as in the Alps. Let h, c, d, and e, 
(fig. 90), represent the section of a portion of coast, partly bcneatli 
the level of the sea, and partly along a ravine or hollow, in which 
*0 glacier, /, c, h, finds its way outwards to tlic sea, s, so tliat at 

Fig. 90. 



A, it has a tendency to float at its extremity, from its relative 
specific gravity, as regards the sea, and it should be recollected 

* With respect to the alternations of temperature productive of glaciers, it would 
appear that in these regions there is no want of the needful alternations of frost and 
thaw. In Greenland the heat of the days in the summer months is considerable, 
thawing the snow and ice, while the nights are commonly cold, with frosts. Even 
dnring the winter at Spitzbergen, when strong southerly winds prevail, thaws are 
knewn. The temperature of the warmest months at Spitzbergen is estimated at 
34°*5, and the longest day lasts four months, the northern portion of these islands 
being within 10° of the North Pole. 
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that glacier ice would sink less deeply in sea than in fresh water. 
And let t be the level oi‘ ordinary high water in a tidal sea, and 1 1' 
the difference of level between high and low water. The ordinary 
glacier movements and their consequences would go on uninter- 
ruptedly, as in the Alps, allowing for the modifications due to an 
Arctic climate, fromy* to where the sea level cuts the coast and 
glacier ; while from g towards A, a change in the polishing, groov- 
ing, and scratching of* the rocky sides and bases would gradually be 
effected as the final floating of the ice removed its pressure from 
them. Still much of* the p< )lishing, grooving, and scratching would 
take place beneath the sea level, and the fragments which may have 
fallen between the glacier and its sides, or through crevasses of 
sufficient depth, while above the level of the sea, would be squeezed 
out beneath the icc under that level, accompanied by the finer 
dctrital matter, derived in the manner above mentioned fp. 221), 
and borne away in mechanical suspension by glacier rivers. As 
the ice moved seawards, instead of the terminal moraine of an 
inland glacier, the blocks and fragments of* rock of the lateral and 
central moraines, should there be such, would fall over into the 
sea, accumulating in diiferent ways beneatli it, according to the 
depth of water and configuration of the coast. It is assumed, for 
illustration, that at A such blocks do accumulate. With respect 
to the finer detritus, instead of being removed, amid dry land, by 
running waters, as in the Alps, its outward movements by such 
means would be checked at the sea level, t, with the difference due 
to the fall of tide t\ Its further course outwards would depend 
upon the specific gravity of the water loaded with this matter in 
mechanical suspension, and the general motion of the glacier. 
We have seen that the turbid waters of the Rhone readily sink 
beneath the clear water of the Lake of Geneva, spreading over the 
bottom (p. 44), and we should anticipate, from the melting of the 
glacier in the sea, and the consequent less s})ecific gravity of the 
latter, that the turbid waters under notice, finding their way 
beneath Arctic glaciers in the usual manner above the sea level, 
would also be discharged outwards beneath the glacier. Taking 
all the circumstances into consideration, there would appear much 
probability of the finer detritus finding its way beneath the glacier 
into the sea, to be distributed over its bottom according to con- 
ditions, tidal streams and sea currents producing their usual effects. 
Along steep coasts, such as those of Greenland, where glaciers are 
so common, much mud may be thus distributed under the deep 
water which usually adjoins them, and into this mud glacier-bome 

Q 2 
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fragments of rock, sometimes of considerable volume, would from 
time to time be discharged, so that the resulting mixture would be 
a clay without apparent stratification, amid which fragments of 
rocks, of very varied form and volume were dispersed. 

The transport of fragments by glacier ice, the latter jutting into 
the sea, does not cease in the cold regions of' the globe with the 
extension of the glacier itself. Not only is the glacier subject, at 
its seaward extremity, to the breaker action, which observers in- 
form us undermines its base, and finally brings down huge frag- 
ments into the water, but also to the pressure of tidal streams or 
sea currents, and to the fracturing influence of the up-and-down 
motion produced by the rise and fall of tides in tidal seas. Some 
of the masses of ice thus broken off and and floated away, as at m 
(fig. 90), with any load of blocks and minor fragments of rock, 
which in the ordinary inland glaciers of temperate climates miglit 
be carried towards the terminal moraines, would contribute, as 
at e (fig. 90), by their melting, and during a long lapse of time, 
no small amount of blocks to be dispersed amid the clay or mud, 
even of deep waters, such as those in Baffin's Bay. 

Greenland has been considered as a mass of land nearly covered 
by perpetual sfiows and interlaced with glaciers, many of the latter 
protruding beyond the ordinary coasts into the sea. Their sea- 
ward extremities are well known, after having l)een detached from 
their main masses, to be floated away, often bearing fragments of 
rock in and upon them, even to and beyond Newfoundland.* In 
the western and mountainous part of Spitzbergen, glaciers reach 
and protrude into the sea, exposing ice-cliffs from 100 to 400 feet 
in height. A little northward of Horn Sound, a great glacier is 
noticed as occupying 1 1 miles of the sea-coast, the highest portion 


* The current from the northward bears a mass of ice with it to the southward 
along the east coaet of Greenland ; sea ice, as well as the glacier ice noticed above. 
The ice is described as sometimes extending across from Greenland to Iceland ; polar 
bears being occasionally ice-bome to the latter, where they commit great havoc until 
destroyed. The accumulation of ice is stated to extend occasionally from 120 to 160 
miles, seawards, around Cape Farewell. Its movement thence is described as north- 
ward to Queen Anne’s Cape, passing afterwards to the western side of Davis’s Strait, 
and from Cape Walsingham (Cumberland Island) along the American shore to New- 
foundland. 

Mr. Redfield (American Journal of Science, vol. xlviii., 1845) gives a valuable 
chart, iUustrative of a paper, on the Drift Ice and Currents of the North Atlantic. 
Touching the general quantity of drift-ice, it is stated to vary considerably. ^Mt is 
sometimes seen as early in the year as January, and seldom later than the month of 
August. From March to July is its most common season. It is found most fre- 
quently to the west of longitude 44°, and to the eastward of longitude 52°, but ice- 
bergs are sometimes met with as far eastward as longitude 40°, and in some rare oases 
even still further towards Europe.”— p. 373. 
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rising in a cliff of 400 feet above the water. On the east coast of 
North-East Land great glaciers are also found. 

M. Ch. Martins* * * § mentions that the glaciers of Spitzbergen are 
commonly even and not much broken, and that the ice resembles 
that of the upper glaciers of Switzerland, pointing out that of 
Aletsch as a good illustration of the Spitzbergen glaciers. There 
are lateral, but no central moraines, the former proceeding with 
the glacier to the sea.t The cliffs of ice rising above the sea he 
estimates, as previous observers have done, as varying in height 
from 30 to 120 metres (08 to 393 English feet), and he states, that 
the seaward terminal portions of the glaciers rest on water. Ee- 
specting the height and slope of the Spitzbergen glaciers, he esti- 
mates the difference between the foot and the summit of a Bell 
Sound glacier at 1,150 feet, and its slope at 10°. The principal 
glacier of* Bell Sound is also stated to be nearly horizontal, in con- 
sequence of its great length. M. Eugene Kobert, who likewise 
visited Spitzbergen, remarks on the destruction of the ice by the 
breakers, and considers that where this is not effected, the masses 
of ice are very stationary. M. Durocher, who has also visited these 
lands, observesj that the glaciers do not there rise more than from 
1,300 to 1,G50 (English) feet above the sea; the snows above not 
taking the character of neve, being too much elevated above the 
needful conditions for its production. 

The masses of ice detached from the land, floating about, and 
commonly known as icebergs, are sometimes of very considerable 
dimensions. The accompanying (fig. 91, p. 230) is a view of one 
seen by Sir Edward Farry§ in his first voyage, and is interesting, 
not only as showing the magnitude of this mass of ice (the f*ar 
greater portion being concealed beneath the sea), but also as ex- 
hibiting something of its structure. It may be here observed, 

* Observations sur les Glaciers du Spitzberg compares a ceux de la Suisse et de la 
Norwege. Bull, de la Soc. Geol., vol. xi., 1840; Bibliotheque Guiverselle de Geneve, 
1840. 

t Respecting the moraines of Spitzbergen, M. Martins observ es that the bases of 
the nearly-vertical cliffs bounding the glaciers are covered with a mass of d^ris, 
fallen from the heights. Between these heights and the ghu'ler there is sometimes a 
small valley or depression. The great glacier of Bell Sound is tlms separated from 
its boundary heights. This glacier was merely stained with earth in its lateral 
portions. Those of Madalina Bay were covered with stones at their lower portions, 
occupying about an eighth part of their breadth. Not only were blocks seen in their 
upper surfaces, but also imbedded in the ice. M. Martins never saw them in the 
front of the glaciers bordering the sea. 

X Memoire sur la limite des neiges perpetuelles, sur les glaciers du Spitzberg com- 
pares a ceux des Alpes—Partie de Geographie Physique du Voyage do la Recherche, 
1845. Scoresby gives the height of the Horn Sound glacier as 1300 feet. 

§ Reduced from a plate, in Parry’s First Voyage, 4to edit. 
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that such masses of ice, remaining, as they are often known to do, 
stranded for a long time in some high latitude, might become 
covered with snows, marked by alternations of frosts and thaws, 
and even frozen rain, so that their upper parts may be in the 
condition of neve, thus covering over the remains of old moraines, 
resting on more ordinary glacier ice. Indeed, as respects tlie latter 
itselli in regions ^wliere the perpetual snow line closely approxi- 
mates to and even cuts the level of the sea, we might expect the 
neVe condition more and more to prevail, and it has been con- 
sidered that icebergs are frequently of that character. 

Fip. ai 



The northern icebergs may be regarded as the great carriers ol* 
rock fragments, often of a great size, from the lands where the 
bergs liavc been formed, as portions of glaciers, over a part of the 
Korthem Atlantic, distributing them upon the bottom in various 
directions, and upon parts of it to which no other cause now con- 
tributes detritus.* Blocks and minor fragments may even be tlius 
dropped upon bare rocks beneath, and upon every kind of in- 
equality. Should a constant supply of block-bearing icebergs, 
regarding the subject generally, be thrown into any constant cur- 
rent, corresponding lines of deposit would result, assuming tlie 
melting ol' masses of ice, of various sizes, at different times and 
distances during their progress in sucli current ; these lines having 
no reference to the form of the bottom, or to its modifications from 
any other deposits accumulated now, or at previous geological 

* Mr, ('out])uuy inentioiiH an icclxTjr, with uppareiitly buiiIiiorB ujhjh it, ns low 
(iow II as lalii lido 10' N,, and longitude W. Tho Kamo author Btates that he 
had id'ton met with ieelKTgK hetween the )Mirallc*lH of.'Ki*^ and 42^' N.,in his voyages to 
and Irom Aineiica and Luro|io. American Journal of Science, vol. xliii., 1842. 


Ch. XIII.] 


ANTARCTIC GLACIERS. 


231 


times. Stranded near shores, or upon mud or sand-banks, these 
though somewhat deep in the sea, still catching their submerged 
portions, icebergs would tend much to disturb detrital deposits 
beneath them, particularly when moved by the waves produced 
during heavy gales of wind, as also by the rise and fall of tides. 
The heavy thumping of such huge masses, as some of these icebergs 
are, would cause great derangement of deposits effected tranquilly; 
and in many situations, blocks and fragments of rocks, with gravels, 
sands, and clays, would be irregularly mixed by the application of 
such force — singular intermixtures, and contortions of any pre- 
viously bedded structure being produced. The icebergs which 
ground upon the Hanks of‘ Newfoundland can scai'ccly fail to pro- 
duce much disturbance of* the bottom, often adding to it great 
blocks and minor fragments of rocks, borne by them from more 
northern regions.* 

As is well known, glaciers reaching the sea are not confined to 
the northern hemisphere, f they arc also found in the antarctic 
regions. Sir James Eoss mentions a great glacier, at iEtna Islet, 
South Shetland, as descending from a height of 1,200 feet into the 
ocean, where it presented a vertical cliff of 100 feet. Adjoining 
the termination of the glacier, Sir James found the largest aggre- 
gation of icebergs, evidently broken f'rom it, he had ever seen 
collected together. Glaciers are also noticed by Sir James Boss 
as descending from the Admiralty Eange (mountains 7,000 to 
10,000 feet high) in Victoria Land, and projecting many miles 
into the sea, bare rocks in a few places inland breaking through 
the covering of ice. As in the arctic regions such glaciers may be 
expected to bring down with them those fragments of rock which 


* Mr. Couthouy (American Journal of Science, vol. xliii., 1842, p. 155) mentions 
having seen (in September, 1822) a large iceberg agrtumd on the eastern e^ige of the 
Great Bank of Newfoundland, and considered to be iu about 720 feet water (120 
fathoms), soundings three miles inside giving 630 feet (105 fathoms). A fresh wind 
from the eastward kept forcing it on the bai^, the seu causing it to rock with a heavy 
grinding noise. On another occasion (August, 1827) he observed another iceberg 
aground upon the Great Bank, in between 480 and 540 feet water (80 to 90 fathoms). 
The huge mass rockeil with the swell, going at the time, and even turned half over 
when struck by the breakers. The sea, for about a quarter of a mile around, w as 
discoloured by mud worked up from beneath. Above water the iceberg was 50 to 70 
feet high, and about 1,200 feet long. It suddenly fell over on its side, with much 
disturbance of the sea. 

t Although glaciers are so common in Iceland, they do not appear actually to 
reach the sea. Those descending from the high Jokulls are noticed as separated from 
it by great moraines. Some of the glaciers arc described as black in parts from the 
quantity of volcanic cinders and ashes with which they are covered. The sudden 
melting of snows and glaciers, from volcanic action in Iceland, is represented as pro- 
ducing great rushes of w ater, bearing large accumulations of volcani products out- 
wards. 
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can fall upon tkem, to grate over the hard rocks on which they move, 
and to aid in contributing fine detritus to the adjacent sea-bottom, 
should the temperature be such that water could flow between the 
ice and the supporting rock. When we consider the volcanic 
character of so much of the great southern land as has been seen, 
we should expect tliat, as in Iceland, volcanic eruptions and the 
heating of the ground would occasionally produce the sudden 
melting of snows, and descent of the water, which could remain 
fluid sulBciently long to find its way to the sea. In this manner, 
not only the transport of ashes and cinders, and the larger volcanic 
substances vomited out of craters, may be moved to the lower 
ground, or into the sea, but also the fragments of rock which might 
have fallen upon snow or ice from any cliffs or steep places wher- 
ever atmospheric influences could detach them ; not forgetting the 
effects of earthquakes (so common in great volcanic countries) 
upon the glaciers and snows, especially in localities where great 
avalanches could be produced. 

Though from its general mode of occurrence, the great ley 
barrier of the antarctic regions might not, at first, appear any im- 
portant agent in the transport of mineral matter, it has been found 
that, under certain conditions, portions of the ice, detached from 
it, may bear no inconsiderable amount of mud, sand, and rock 
fragments of various sizes into milder climates, depositing their 
loads over the bottom of the sea upon which they may be carried. 
This icy barrier presents a very singular appearance, stretching 
over a vast distance, with ice-cliffs rising from 150 to 200 feet 
abjve the sea, large fragments of them and minor pieces of ice 
floating in front of it, as shown in the annexed view* (fig. 92), 
representing a great detached mass in a long creek or bay in the 
barrier itself. From the relative specific gravity of the ice and 
sea-water, the former necessarily descends from beneath the level 
of the sea to a depth which might be estimated if tlic ice were of* 
a uniform kind, with a known specific gravity. This is, however, 
far from being the case, for the layers of which it is composed, 
would appear to present somewhat the cliaracter of* the ndvd of the 
higher parts of glaciers in temperate regions, being formed of alter- 
nations of snow, sleet, frozen mist and rain, with the refreezing of 


♦ Taken from Captain Wilkes’s “ United States’ Exploring Expedition,’/ vol. ii. 
The vessel represented is the “ Peacock,” which had been driven against this great 
mass of ice. The view will at the same time afford an idea of the great barrier itself, 
which would be but an extension of a similar range of ice-cliffs. A long illustrative 
view of the groat antarctic ice-barrier is given in Ross’s “ Voyage of Discovery and 
Research in the Antarctic Regions,” vol. i. p. 232. 
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portions which in the summer months may be thawed at times by 
the influence of the sun.* As detached portions of this barrier were 
found by Sir James Ross aground, 60 miles from its main edge, 
and 200 miles from Victoria Land, in 1,560 feet of water, the ice 
was there at least of that thickness. 

Fig. 92. 



The depth of water obtained not far distant from the barrierf 
would show, as Sir James Ross has observed, that much of it must 
be upborne by the sea, and not rest on the sca-bottom, however the 
general mass may be held fast by adhering to land, or by reposing 
upon mud, sand, gravel, or solid rock, at minor depths. It will be 
obvious that the ice must be limited in depth by the temperature 
of tlie water to which it descends. We have seen (p. 96) tliat at 
the depth of 4,500 feet, the most dense water, with its temperature 
of 39° *5, appears to remain somewliat fixed in these regions, the 
waters of the upper parts of the sea necessarily varying in tempera- 
ture according to the seasons. In January (1841), consequently 
in the summer of that portion of our gk>be. Sir James Ross found^ 
about 12 or 14 miles from the barrier, a temperature of 33° at a 
depth of 900 feet, one wliich could not fail, widely spread beneath 


* Sir James Ross describes gigantic icicles depending from the projecting parts of 
the ice-clifis, proving that thaws sometimes took place. NoMthstanding that the time 
of the observation (February 9, 1841) corresponded, as respects season, with August 
in England, the temperature was at 12^ (Fahr.) and did not rise above 14® at noon. 

t Sir James Ross found (lat. 77® 56' S., long. 190® 15^ E.) a depth of 1,980 feet (330 
fathoms), within a quarter of a mile of the barrier, the bottom green mud. He also 
obtained 2,400 feet (400 fathoms) 12 or 14 miles off the icy barrier in another situation, 
about UK) miles from Victoria Land, the bottom being also a green mud, so soft that 
the sounding-load descended into it 2 feet. “ Voyage of Discovery and Research in 
the Southern and Antarctic Regions,” vol. i. 
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as we might expect it to be, to act upon the lower part of the 
great mass of ice descending into the sea.* * * § 

Seeing that numerous and large masses of ice are annually de- 
tached from the great ice-barrier adjoining Victoria Land, and are 
floated off into milder regions, the question arises of whence tlie 
needful supply lor this loss is obtained, assuming a certain general 
icy frontier to bound the barrier, and due allowance being made 
for the variation of* seasons. The great thickness of the detached 
masses would lead us to consider that they were not portions formed 
on the outskirts of the main mass during certain seasons as additions 
to it, and were subsequently broken off, to be replaced by other addi- 
tions; but rather that they were essential portions of tlie main 
mass, formed at the same time and in the same manner with it. 
Under this view there would be a motion outwards of this mass, 
sufficient to supply the annual waste of* icebergs at the outer edge. 
Such a movement, though very slow, would yet produce a C(,>r- 
respondlng effect on the bottom of the sea over which tliis great 
mass of ice passed, grating over it, heavily pressing upon and 
scratc^iing bare rocks and shingle beds, in the manner ol' a com- 
mon glacier, though over a far wider area. Shingle beds, produced 
by some previous condition of land and sea, might thus, as well as 
any supporting rock, be scratched throughout, pebbles moved against 
jxibbles, in lines of a general parallel character, over very extended 
areas.*!* 

As the various layers of which the ice-barrier is formed indicate 
accumulations from atmospheric causes, unless the melting of the 
bedsj beneath was equal to the deposit of snow, sleet, lbg,§ and 


* The temperature at 1,800 feet was 34''*2, at 000 feet 33^, at the surface 31", and 
of the air 28''-’. In another situation (lat. 77® 40' S. and long. 162® 36' W.), and about 
one mile and a half from the barrier, Sir James Ross found the temiK*raturc of the 
bottom (green mud) at 1,740 feet (200 fathoms) to be 30''* 8, only 2" lower, hi* ob- 
servee, than would be obtained at a more considerable distance from the barrier, and 
showing the small influence of the mass of ice upon the sea adjoining it. 

t Any outward motion of the great ice-barriers, however slow, by bringing iHjrtions 
of it forward wliich were based on rock, or shallow sea-bottoms, into depths where 
their bases could be melted, would also tend to keep those parts flattened w hich might 
otherwise havea large amount of snow or ice accumulated upon tliem, supposing such 
accumulation beyond the loss of evaporation and melting. 

X As regards these layers, Captain Wilkes (“ United States* Exploring Expedition,*' 
vol. ii.) observes, “ that 80 different beds, on the average 2 feet thick, were coiintcii 
in the large icebergs, detached from the main ice, and .'10 in the smaller.” 
Assuming similar beds beneath the sea level, the whole would constitute* no smull 
amount of ice and snow accumulated in horizontal layers and betls, in i>art8 supported 
like beds of solid mineral matter by subjacent ground. 

§ Respecting fog, Captain Wilkes remarks, “ that it may make, when frozen, a 
marked addition to the ice accumulations, since he has known it frozen to the 
depth of a quarter of an inch uiton the spars and rigging of the ships in a few hours.” 
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rain (frozen upon its fall) above, there would be a continued increase 
of icy matter. Tlie marked general uniformity in height of the 
ice-cliffs, and the tabular character of the surface of the barrier 
inwards,* would point to some cause having an extended and 
uniform action, so modifying any accumulation oi the kind as to 
keep the mass at a general uniform thickness. The temperature 
of the sea at a fitting depth would appear sufficient to effect this, 
any addition from abjve t^) the general mass, so long as it plunged 
into water and did not rest on the sea-bottom, being compensated 
by the melting of the lower surface, pressed down by the increased 
accumulation above. 

Captain Wilkes refers the formation of the ice in the first placte 
to ordinary field ice, upon which layers from rain, snow, and even 
fog so accumulate, that the mass descending, takes the gremnd, part 
of it trending outwards into deeper water, and floating when con- 
ditions permit, t 

Huge masses of tliis barrier, detached from it, float to more 
temperate regions, borne onwards by currents and prevalent winds. 
The accompanying sketch;j; (fig. 93) will afford an idea of the 

Fig. <J.3. 



tabular character of numerous icebergs bef ore they have been much 
melted in more temperate climates, and also will show the stratified 
appearance noticed. Sir James Ross found many§ in about 

* Where an opportunity occurred of seeing over the ico-clitf (al)t>ut .50 feet higii), 
Sir James Ross describes the mass as quite smootli in its u])pcT part, and looking like 
“ an immense plain of frosted silver.” 

t Wilkes, “ United States’ Exploring Expedition,” vol. ii. Respecting that portion 
of the mass which reposes on the bottom beneath the level of the sea, we have also to 
consider the effect, for any value it may have, which may be due to terrestrial heat 
beneath, the ground protected from great atmospheric depressions of temperature by 
the mass of ice and snow above. 

X Taken from Wilkes’s “ II nited States’ Exploring Expedition,” vol. ii. 

§ 27th December, 1840. ** Voyage of Discovery,” &c. They extend often witli a 
similar tabular character, according to particular seasons, more northerly. Acconl- 
ing to such seasons, also, the icebergs generally of the southern regions range to very 
different warmer latitudes. I'lxni returning from the antarctic regions in 1840, the 
different vessels of the United Slates’ Exploring Expedition su 
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63® 30' south, rising with tabular summits to the height of from 
120 to 180 feet, several more than 2 miles in circumference. 
They were falling rapidly to pieces, and their course was marked 
by the portions of ice detached from them. 

Respecting the mode in which icebergs arc separated from the 
main mass of the ice barrier, and from the few he observed near it 
during the summer months, Sir James Ross infers that they are 
chiefly detached during the winter, the temperature of the sea and 
the air being then so diflferent, whereas it more closely approximates 
during the summer. He points to the great cracks, some many 
miles in length, observed in the ice of arctic regions upon a sudden 
fall of 30® or 40® in the temperature, and more especially well 
seen in the great freshwater lakes, where the sudden rents are 
accompanied by loud reports. The unequal expansion of the ice 
expos^, on the surface, to 40® or 50® below zero (Fahrenheit), 
while beneath the temperature is 28® to 30® above it, could not, 
Sir James Ross infers, but produce the separation of* large masses 
of ice. However little tlie action of the waves could affect a mass 
descending so low beneath the surface of the sea, we should expect 
that the influence of a rise and fall of tide would be felt, tending 
alternately to lift and depress much of it, especially at spring tides, 
so that supposing fissures formed, this very constant up and down 
movement would also tend to separate masses at the outer edge of 
the barrier. 

WHiile numerous icebergs are but the detached portions (►f the 
great ice barrier, which have not rested on a sca-bottoin, and 
therefore transporting no mineral matter to milder regions, beyond 
any volcanic ashes or cinders discharged over the icy area, of 
which they may have formed a part, from such volcanic vents as 
Mount Erebus, and be interstratiCed with the layers of* ice and 
snow,* others carry onwards no small amount of mud, sand, and 
rock fragments of different sizes. We have accounts of some 
covered with such detritus, blocks, so fijund, weighing several 
tons.t The detached portions of the glaciers, such as those de- 


51° S., and 53- B. They were known to range so much northerly in 1832, that vessels 
bound round Cape Horn from the Pacific were obliged to put back to Chili for a 
time, in order to avoid them. 

* Sir James Ross (Antarctic Voyage) mentions “ that having observed jnew-forroed 
ice off Victoria Land, covered with some colouring matter, a portion of the ice was 
melted and filtered, and an impalpable powder collected, considered as volcanic 
dust.” 

t Ross, “ Voyage in the Antarctic Regions,” vol. i. p. 173. Mr. Couthouy observed 
masses of rock eml)edded in an iceberg seen In lat. 53^ 20' 8., long. 104'’ 50' W., 1,450 
miles from Ticnra del Fuego, and 1,000 miles from St. Peter’s and Alexander’s Islands, 
wiiAnpji hii ftunnoscs the ice to have drifted. One of the rock masses seemed to show 
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scending from the Admiralty range, would be expected to transport 
the fragments which could fall upon them, as in the arctic regions. 
It would appear that, in addition to whatever may be thus carried, 
large icebergs which have rested upon the sea-bottom are often 
capsized, so that the mud, sand, and pieces of rock adhering to 
them beneath are suddenly upturned, a very great change in the 
relative position of such detritus being in this manner quickly 
produced. Sir James Ross mentions one suddenly capsized off 
Victoria Land, bringing up a portion of the bottom 100 feet above 
the surface of the sea, so that it was, for the moment, supposed to 
be an island not previously seen.* In this manner detritus may 
not only be transported directly from the land upon detached 
portions of glaciers, but also the mud, sand, and stones of a sea- 
bottom be uplifted several hundred feet, and carried great dis- 
tances into milder climates. *[ A somewhat constant supply and 
a general course of the floating ice, from currents and prevalent 
winds, would cause a vast quantity of the detritus, thus obtained 
and floated away, to be distributed over the sea-bottom ; mud, sand, 
and fragments of varied sizes mingled together. Though the finer 
matter would take longer to sink through the sea,J and so far 
become strewed over the bottom more widely and in a more even 
form, enveloping various inequalities that may occur (as well 
covering the tops as the sides, if not too steep, of submarine hills), 
the larger fragments would fall more irregularly upon and into the 
finer sediment. Submarine hill-tops would be as much covered 
by them as any depressions, and they would often be plunged into 


a face of about 20 square feet. When within half a mile of this iceberg, the tempera- 
ture of the air was 35^^, and df the water 34®. The water to leeward of the ice was 
7® colder than 4J[ miles to windward of the berg.—'* American Journal of Science.” 
vol. xliii , 1842. 

♦ ** Antarctic Voyage,” vol. i. p. 196, 

t Captain Wilkes (“United States’ Exploring Expedition ”) considered that he 
landed upon an upturned iceberg, part of the icy barrier weathered by storms, about 
eight miles from the main land, in latitude 65® 59' 40” S. Upon it were boulders, 
gravel, sand, and mud or clay. The larger specimens were of basalt and red sand- 
stone. One piece of rock was estimated at 5 to 6 feet in diameter. The stones were 
cemented by very compact ice, thus forming an icy congUuuerate. 

As regards the distances to which the icebergs from the southern ice are carried, 
Captain Wilkes infers that they are conveyed westward the first season by the south- 
east winds, about 70 miles north of the barrier, being the second season driven north- 
wards until they roach 60® S., after which they rapidly move more northward and 
disapiiear. Sir James Ross mentions a tabular iceberg, rising 130 feet above the sea, 
and three-quarters of a mile in circumference, in about 58® 36' S. 

X Sir James Ross (“ Antarctic Voyage ”) considers the bottom as usually to be 
found in the Antarctic Ocean at 12,000 feet. Inequalities to a considerable amount 
also exist. No bottom was obtained by a line of 24,000 feet in latitude 68® 38' 8., and 
longitude 12® 49' W. 
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mud, in the same manner as the sounding-lead above mentioned 
(p. 233), and wliich descended two feet into the fine green mud 
beneath 2,400 feet of sea, at a distance t)f 100 miles from Victoria 
Land. This fine mud would not appear an uncommon sea-bottom 
oflp Victoria Land,* and as icebergs discoloured by mud seem not 
unfrequent in these southern latitudes, such mud may be widely 


♦ This mud seems, from the sounding obtained by Sir James Ross (“ Antarctic 
Voyage to be common for about 400 miles along the great icy barrier near V ictoria 
Land. It has been noticed previously (p. 233) that a detached portion of this barrier 
was found aground upon it, beneath 1,560 feet of water, 200 miles from that land. 
Respecting its composition, those minute bodies the which were considered 

by Ehrenberg and many naturalists as infusorial animals, and by others as vegetables, 
and which seem now, especially from the researches of Mr. Thwaites, to be admitted 
by Dr. Hooker, Dr. Harvey, and other highly-qualified persons as the latter, would 
appear to form no inconsiderable portion of it. At the same time, ns no rivers of 
Victoria Land bear out fine sediment, and great volcanos are there in activity, we may 
look to the distribution of ashes and cinders vomited forth from the latter as adding 
such products from time to time to this mud. 

“ The water and the ice of the South Polar ocean." observes Dr. Hooker (“ Flora 
Antarctica,” vol. ii. p, 503), “ are alike found to abound witli microscopic vegetables 
belonging to this order (Diatomaccce). Though much too small to be discerned with 
the naked eye, they occurred in such countless myriads as to stain the berg and pack 
ice wherever they were washed by the swell of the sea ; and wiien enclosed on the 
congealing surface of the water they imparted to the brash and pancake ice a pale 
ochreous colour. In the open ocean northw ard of the frozen zone, this order, though 
no doubt almost universally present, generally eludes the search of the naturalist, 
except when its species are congregated amongst that mucous scum which is sometimes 
seen floating on the waves, and of whose real nature we are ignorant, or w hen the 
coloured contents of the marine animals w'hich feed on these Alfftv are examined. To 
the south, however, of the belt of ice which encircles the globe, between the parallels 
of .50^ and 70'’ S., and in the w’aters comprised betw'een that belt and the highest 
latitude ever attained by man, this vegetable is very conspicuous, from the contrast 
between its colour and the white snow and ice in which it is embedded, insomiicli 
that, in the eightieth degree, all the surface ice carried along by the currents, the 
sides of every berg, and the base of the great Victoria Barrier itself, within reach of 
the swells, arc tinged brown as if the polar w'atcrs were charged with oxide of iron. 

As the majority of these plants consist of very simple vegetable cells, enclosed in 
indestructible silex (as other AUfoi are in carbonate of lime), it is obvious that the 
death and decomposition of such multitudes must form sedimentary deiwsits, pro- 
portionate in their extent to the length and exposure of the coast against which they 
are washed, in thickness to the power of such agents as the winds, currents and sea, 
which sweep them more energetically to certain positions, and in purity to the depth 
of the water and nature of the bottom. Hence we detected their remains along every 
ice-bound shore, in the depths of the adjacent ocean, between 80 and 400 fathoms. Off 
Victoria Barrier the bottom of the ocean was covered with a stratum of pure w hite 
or green mud, composed principally of the siliceous cells of Diatomucefc ; these on 
being put into water rendered it cloudy, like milk, and took many hours to subside. 
In the very deep water off Victoria and Graham’s Land this mud was particularly 
pure and fine ; but towards the shallow'er shores there existed a greater or less ad- 
mixture of disintegrated rocks and sand, so that the organic compounds of the 
bottom frequently bore but a small proportion to the inorganic.” < 

Respecting the distribution of the DiatomacetB, Dr. Hooker remarks (ibid. p. 505) 
that many species are found from pole to pole, ** while these or others are preserved 
in a fossil state in strata of great antiquity. There is also probably no latitude be- 
tween that of Spitzbergcn and Victoria Land, where some of the species of cither 
country do not exist: Iceland, Britain, the Mediterranean Sea, North and South 
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distributed and be irregularly supplied with sand, stones, and 
large fragments of rock, as the icebergs melt away and drop their 
loads of mineral substances.* 

Captain Cook long since (1777) made known the fact that, at 
the mountainous island of* South Georgia, included between lati- 
tude 53° 57' and 54° 57' S., glaciers descended into the sea, 
detached masses from which floated outwards, to be distributed by 
ocean currents and prevalent winds, in given directions. The 
following view of Possession Bayf (latitude 54"* 5' S.), in that 
island presents us with a glacier reaching the sea, the depth <4* 
which was more considerable tlian that of an ordinary soundimr 
line (204 feet) employed at the time. Captain Cook says, “ The 
head of the bay, as well as two places on each side, was terminated 

Fig. 94. 



America, and the South Sea Islands, all possess Antarctic Diatonuzcea:. The siliceous 
coats of species only known living in the waters of the South Polar ocean have, 
during past ages, contributed to the formation of rocks, and thus they outlive several 
successive creations of organized beings. The phonolite stones of the Rhine and the 
tripoli stone contain species identical with what are now contributing to form a sedi- 
mentary deposit (and perhaps at some future period a bod of rock), extending in one 
continuous stratum for 400 measured miles. 1 allude to the shores of the Victoria 
Barrier, along whose coast the soundings examined were invariably charged with 
diatomaceous remains, constituting a bank which stretches 200 miles north from the 
base of Victoria Barrier, while the average depth of water above it is 300 fathoms, or 
1,800 feet.” 

♦ As respects sand intermingled with ice and carried aw^ay. Captain Wilkes men- 
tions (“ United States’ Exploring Expedition”) a floating mass, composed of alternate 
layers of snow and ice, the former mixed with sand. Upon this pieces of granite and 
red clay were also found. 

t Taken from the plate, vol. ii., p. 213, of Cook’s ‘‘ Voyage to the South Pole,” 4to, 
1777. 
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by perpendicular ice-cliffs of considerable height. Pieces were 
continually breaking off, and floating out to sea ; and a great fall 
happened while we were in the bay (January 17, 1775), which 
made a noise like cannon.’’ He also calls attention to the bottom 
of the bays generally in this land being filled by glaciers, supplying 
an abundance of icebergs ; and it is easy to infer that, from amid 
the mountain cliffs among which these glaciers find their way to the 
coast, many a fragment of rock may be ice-borne, and deposited at 
the bottom of the sea., remote from South Georgia. Not a stream or 
a river could be seen throughout the whole coast explored, though 
it was visited in the summer of that region. Captain Cook also 
mentions bays full of glaciers, descending from the heights of 
Sandwich Land, discovered by him upon leaving South Georgia, 
on the south-east of that island.* 

Quitting the far southern land and remote islands, the climate 
is such in Tierra del Fuego, although cx)mprised between latitude 
52° 30' and 56° S. (a range corresponding in the northern hemi- 
sphere with the position and distance between Birmingham and 
Edinburgh), that the line of perpetual snow occurs, according to 
Captain King, at between 3,500 and 4,000 feet above the sea 
in the Straits of Magellan, and that glaciers descend into the sca.f 
Mr. Darwin states tliat on the north side of the Beagle Channel (a 
remarkable strait, running east and west across the southern part 
of Tierra del Fuego) the mountains are covered with perpetual 
snow, whence, in many places, magnificent glaciers descend to the 
water’s edge, fragments falling from them into the sea, and floating 
about as miniature icebergs. He remarks tliat glaciers occur at the 
head of the sounds along the whole western coast of the southern 

* Cook's “ Voyage to the South Pole,” vol. li., p. 224. He remarks also ui>oii the 
flat surfaces, and even heights, of the icebergs in that region, some two or three miles 
in circumference, reminding us of the character of those ofi* the great ice barrier near 
Victoria Land. 

t Mr. Darwin gives the following table of the climate of Port Famine, Straits of 
Magellan, and of Dublin 



Latitude. 

Summer 

Tempera- 

ture. 

Winter 

Tempera- 

ture. 

Di (Terence. 

Mean 

of Summer 
and 

Winter. 


o / 

o 

o 

o 

o 

Dublin 

53 21 N. 

.59-54 

39-2 

20-34 

49-37 

Port Famine 

53 38 S. 

50* 

33-08 

16-92 

41‘^ 

Difference . . . 

0 17 

1 

9 -.54 

6-12 

3*42 

7*83 


Darwin, “ Voyage of Adventure and Beagle,” vol. iii., p. 243. 
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part of South America.* It would appear that as far north as 
latitude 48° 30' S. glaciers advance into the sea. Eyre’s Sound is 
terminated by glaciers descending from the range of the Sierra 
Nevada on the cast. Mr. Bynoe saw numerous detached masses 
of ice floating about, 20 miles from the head of the sound ; and 
upon one, drifting outwards, found an angular block of granite, 
described as a cube of nearly two feet, partly imbedded in it, the 
ice thawed around.t Mr. Darwin directs attention to the occur- 
rence of' a glacier at the level of the sea, even in latitude 40° 40' 
S., in the Gulf of Penas, reaching to the head of Kelly Harbour, 
pointing out that thus “ glaciers here descend to the sea within 
less tlian nine degrees of latitude from where palms grow, less than 
two and a half from arborescent grasses ; and, looking to the west- 
ward, in the same liemispliere, less than two from orchideous 
parasites, and within a single degree of tree ferns.”:]: 

The transport of mineral matter by floating ice is not limited to 
portions of glaciers, broken off’ where they have protruded into the 
sea, or to masses detached from great continuous ranges of ice, 
such as the barrier off Victoria Land. Rivers, in regions where 
the temperature descends sufficiently low, remove no small portion 
of such matter by means of ice down their courses, and coast ice 
distributes no inconsiderable amount of it in various directions. 
As regards the mode in which detritus may be conveyed by rivers, 
it may often be studied in our brooks and streams, when a sudden 
thaw suddenly fills them with water, lifting away ice which may 
bind gravel, sand, or pieces of frozen mud t« )gcther, by their sides 
or in shallow places. According to the relative specific gravities 
of the detached portions of ice, stones, sand, and mud, will they be 
seen to move, some larger pebble, perhaps deeply set in its support 
of ice, trailing along, and leaving the mark of its passage on the 
bottom. Other portions will float more freely onwards, some 
acquiring rotatory motion, and, by grinding against each other, 

* Darwin, “Voyage of Adventure and Beagle,” vol. iii., p. 282. Mr. Darwin 
observes (p, 283), “ In the Canal of the Mountains no less than nine (glaciers) descend 
from a mountain, tlie Mhole side of which, according to the chart, is covered with a 
glacier of the extraordinary length of 21 miles, and with an average breadth of 

mile. It must not be supposed that the glacier merely ascends some valley for tlie 
21 miles, but it extends apparently at the same height for that length, parallel to 
the sound, and here and there sends down an arm to the sea-coast. There are other 
glaciers having a similar structure and position, with a length of 10 or 15 miles 
(Tierra del Fuego). 

t “Voyage of Beagle,” vol. iii., p. 283. Mr. Darwin calls attention to this sound 
being in a latitude corresponding, in the north, with that t»f Paris, and also to an 
“ Iceberg Sound,” as given in the charts still further north. 

X Ibid., p. 28r». 

K 
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parting with some parts of their load, especially the heaviest, while 
here and there they become jammed in the narrower parts of the 
stream, and stranded upon shoals, there remaining, in great part, 
until, the thaw proceeding, the ice melts, and the detrital matter 
is dealt with by the stream in the usual manner.* 

The transport of mineral matter which may often and easily be 
seen in this minor manner, imder the fitting conditions, is but 
carried out upon a larger scale in many great rivers, where the 
relative magnitude of the effects produced more engages our atten- 
tion, especially when those objects to which we attach interest 
are endangered or sustain injury. In the regions where ice is 
common upon great rivers during part of the year, and that part of 
the year the time when the water supply is the least, and the 
river level the lowest, the fragments of rock, pebbles, sand, and 
mud of the sides, and shoal grounds become, as it were, a piece of 
the main sheet of ice, should it extend entirely over the river, or 
of such portions of one as may exist. These are ready to be 
broken off, lifted, and borne down the stream as the waters of the 
river rise before any general increase of temperature melts the ice 
upon the banks, shoals, or general surface of the river. It will 
be obvious tliat the transport of detritus will depend upon 
circumstances, as in the little brooks, and that while some 
portions are carried long distances, others will be left in various 
situations ; sometimes fragments of rock being carried to, and 
accumulated in, situations where the ordinary force of the river 
cannot readily dislodge them, and indeed sometimes be altogether 
insufficient for the purpose. We have various accounts of detritus 
so borne downwards in rivers by means of ice. In the St. Law- 
rence there would appear to be good opportunities of studying the 
transport of mineral matter on the large scale. Captain Bayfield 


* It is while studying the effects of ice in the brooks and minor streams that an 
observer may sometimes see the formation of ice at the bottom. M. Arago, whose 
attention this subject has engaged, remarks respecting it Annuaire du Bureau dcs 
Longitudes pour 1833,” p. 244), that the movement of these running w'aters mixes 
those of different temperatures and densities, so that when the whole is at the freezing 
point, the pebbles and other substances at the bottom of the brook constitute so many 
pmjections, as in a saline solution, and thus ice is formed upon them. The ice thus 
produced is spongy, from the crossing and confused grouping of its crystals, the move- 
ment of the water preventing an uniform arrangement of parts. The ice accumulates, 
and gradually envelopes numerous pebbles and other substances, and will rise to the 
surface with its mineral load if the general specific gravity of the whole will permit. 
M. Leclercq has observed Memoires Couronnes par rAcademie de Bruxelles,” tom. 
ziii. 1845) that the ice is fIM formed upon the face of the pebbles or other objects 
opposed to the current of water, and that, although a rapid flow of water contributes 
to the first production of the ice, the increase of ice is in proportion as the movement 
of the water is moderate, the extreme cold considerable, and the sky clear. 
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has pointed out that there, where the temperature in winter 
sometimes descends 30° below zero (Fahr.), large boulders are 
entangled in the ice, and carried considerable distances upon the 
surface of the water in the spring. Shoals are thickly strewed 
with them.^ Conditions being favourable for keeping blocks and 
fragments of rock in the lower part of the river ice, thus carried 
onwards, and indeed often driven forwards rapidly, wherever the 
general masses grated upon any bottom, over which they could be 
forced by the volume of water behind fand heavy piles of ice some- 
times accumulate, obstructing the free flow of the waters), much 
scratching and furrowing would be expected, according to the 
relative hardness of the rocks passed over and of‘ the ice-borne 
fragments, to the pressure of the mass of ice and detritus, and to 
the velocity with which that mass may be driven upon the rocky 
ledge or shoal. Fragments of rock, set in the ice, and grating 
against vertical cliffs rising from comparatively deep water, such 
as frequently occur on the bends of rivers, would also horizontally 
scratch and abrade the rocks, according to their relative hardness, 
the ordinary river action not removing these marks, though they 
may become obliterated by atmospheric influences at lower states 
of the river, especially where the cliff-rocks were composed of 
somewhat incoherent matcnals. Thus while some ice-supported 
boulders and fragments of rocks were grooving and furrowing 
the horizontal surface of a ledge of rocks at h (fig. 95), and others, 
encased in ice, were borne down the river at the same time, 
scratching and wearing away the vertical cliff at c, another collec- 
tion might be leaving permanent traces of its passage upon pre- 
viously ice-bome boulders, accumulated from local causes at a. 


Fig. 95. 



It is interesting to consider that by such means large rounded 
portions of rock, with minor pebbles, may thus be borne towards 
the Gulf of St. Lawrence, and be thrown down, after being 
scratched in their passage over hard ledges of rock, or over boulders 
in shallow water, in situations where such marks would not be 
removed by any attrition to which they would be exposed under 
existing circumstances, there accumulating with finer detritus, even 
mud deposited from water in which it had been held in ordinary 

* Bayfield, “ Proceedings of Geolog, Soc. of London*’ (1836), vol. ii., p. 223, 

K 2 
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mechanical suspension. Thus the scratching of the ledges of solid rock 
and heavy stranded boulders in shallow situations might be accom- 
plished, and the boulders and pebbles by which this was effected be 
themselves often also scratched, carried onwards under favourable cir- 
cumstances, and be deposited, with these marks still upon them, 
amid fine sediment in depths beyond the reach of wave or breaker 
action for the attrition necessary to remove such scratches. 

The great rivers of Northern Europe, Asia, and America de- 
livering tlieinselves into the Arctic Sea, flowing as they do from 
milder into colder climates, present us with the conditions lor the 
fonnation of ice sooner, and its continuance later at their 
cmboucliures than towards their origin. The cflccts produce<l 
arc especially interesting, inasmuch as when, from the melting of 
the snows and ice on the southward, iloods are prcHluced, these 
meet with the obstruction of the ice towards the mouths of rivei*s. 
In consequence, it not unfrcquently occurs that the resistance of 
the ice being suddenly overcome, it is violently liphcaved and 
bivjkcn, and in parts thrown aside, with any miisses, or minin’ 
fragments of rocks attached to it. Sir Eod crick Murchison has 
pointed out the banks of rock-fragments thus produced on tlie 
sides of rivers in Russia, and especially notices the fluviatilc 
ridges of an<yular blocks towards the mouth of the Dwina. White 
carboniferous limestone there occurs (about 110 versts from Arch- 
angel), and the waters of the river entering amid its chinks and 
joints, separates them when frozen, so that subsequently tlicy are 
entangled in the ice adjoining the banks, and arc thus carried 
with it.* By the sudden rise of waters thus caused, many a block 
of rock must be borne over low ground, stranded on shoal water, 
or be occasionally carried seawards, and thrown do^vn amid fine 
sediment, the conditions for the transport of which outwards 
would be increased during these sudden discharges of water. 
The crashing and jamming together of the broken masses of ice 
would be highly favourable to the scratching and scoring of bbxiks 
and fragments of rocks entangled among them, and such blocks 
and fragments may also be often transported to situations where, 
under existing circumstances, the markings thus produced would 
not be obliterated. 

* Murchison, “ Geology of Russia in Europe and the I^ral Mountains,” vol. i., p. 
r»fi7. lie quotes M. Biihtlingk as noticing large granitic iKiUlders, weigliing several 
tons, entangled in the branches of pine trees, .*10 r)r 40 feet alnive the level of the 
streams, 8f>eaking of blocks of n»ck ice'lK»rne dow n rivers. Sir Roderick Murchison, 
after noticing their mrMlcs of transport and d<!{K>sit. remarks, tliat ol<l drift from the 
north may thus be brought back to the iiortliward by the rivers, p. 5f)r>. 
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When wc consider the state of sea-coasts in those regions where 
the temperature falls sufficiently low during a part of the year 
that ice is formed upon them, entering amid the substances of 
which they are composed, and binding blocks of rock, shingles, 
sand, and even mud, with the remains of any marine animals 
there occurring, into one solid mass, we sec that when the warmer 
season in such regions comes round, mineral matter may be 
readily removed from one place to another upon the breaking up 
of the coast ice. 

Upon the breaking up of this coast ice, which sometimes rests 
on shallow ground, and at others covers deep water, we should 
expect much grinding of the masses on the shore, scratching and 
grooving the sides of cliffs and shallow rocky bottoms, when 
shingles or other fragments of rock arc frozen into the ice, so as to 
be brought into contact with the one or the other. ♦ The force 
employed would appear to be often very considerable, great sheets 
of ice being set in motion, and being driven with tremendous 
crashes against the land, so as not only to act upon shore ice, in 
which rock fragments and shingles may Ix) embedded, thus press- 
ing them heavily against bare rocks, but also forcing beaches 
before them, grinding the pebbles and boulders against each other, 
and upon exposed rocks, by which both may be scored and marked. 
In this manner fnction mai’ks may be produced, which in some 
situations may not be very readily removed by the ordinary roimding 
and smoothing of breaker action. 

When an observer studies the maps and charts which wc as yet 
possess of the northern seas of America, Europe, and Asia, he will 
find enough show him that portions of beaches may readily be 
removed upon the breaking up of ice from the coasts, and be 
transported to other situations, where, upon the melting of tliat ice, 
they may be thrown down in depths amid any fine detritus there 


♦ M. Weibye, of Kragero, is quoted by M. Frapolli (“ Bulletin de la Sooicte 
Geologique de France,” 1847), os inferring, respecting the marks left by the block* 
and-shinglo-bearing ice of the Scandinavian coasts, that on those bordering the sea in 
the Bradsbergsamt, “ the scratches and furrows on horizontal, t)r nearly horizontal 
surfaces, take a direction always perpendicular to the general line of coast in open 
bays, and always parallel to the range of the channels in narrow fiords, that the 
horizontality or the greater or less inclination of the scratches on the inclined or 
vertical surfaces depends on the relief of tlie coasts of the locality, and always 
corresponds with this relief and with the action of the difierent winds.” M. Frapolli 
himself also colls attention to the effects of c(»ast ice armed with blocks and pebbles 
of rock, driven about in numerous fragments by the storms of winter and spring, and 
grinding against the cliffs of Scandinavia, polishing and scratching the rocks according 
to their surfaces and position, the dill’s scratched in horizontal lines along the fiords 
and in other similiar positions. 
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accumulating. Should any of theii* component pebbles or fragments 
of rock have been so acted upon as to be scratched before they were 
thrown down, they would retain those marks amid the fine deposits 
in such depths. As ice adheres to coasts in many localities during 
winter, upon which, from the ordinary action of the sea on shores, 
breakers throw whole and broken shells of molluscs and other 
marine animal remains during the summer, these remains would be 
liable to be entangled in portions of beach removed by the ice, and 
be scattered over various depths of water, in the same manner as 
the transported mineral matter, and thus the remains of littoral 
molluscs, often in fragments, may be dispersed amid a mixture of 
mud, and ice-bome blocks, and fragments of rock accumulating in 
deep water. 

In tidal seas accoimt has to be taken of the movement of ice in 
estuaries, and in those long deep loughs or arms of the sea, in Nor- 
way termed up and down which the flood and ebb tides are 

felt according to circumstances. Coast ice, borne backwards and 
forwards by the tide, and having pebbles and fragments ol‘ rock so 
set in it that they can grind upon or against bare rocks, spread 
horizontally or rising vertically, or nearly so, in the estuaries and 
fiords, could scarcely fail to become an instrument ol* importance in 
the scratching and grooving of such bare rocks, these markings 
being als(3, especially in the case of the cliffs, not easily removable. 
This action continuing through many successive ages, certain kinds 
of rocks might, in favourable localities, retain marked semtehes and 
grooves thus produced, independently of’ the influence of winds 
driving the fractured coast ice about against lines of coast, upon the 
breaking up of such ice. Fragments of ice and any mineral matter 
they may sustain are thus piled up at the bottom of bays or in 
shoal water, a combination of a heavy on-shore gale of wind and a 
spring tide leaving many a fragment of rock in a situation whence 
it could not readily be removed under ordinary circumstances. 

No small amount of’ rounded boulders and pebbles of various 
sizes may thus become strewed near coasts, or be mingled beneath 
deep water with the angular fragments which have cither been 
transported by icebergs, broken off the terminal portions of glaciers, 


*■ The channels which divide Tierra del Fuegu into its many islands, and the Straits 
of Magellan separating it from the mainland of America, with the very numerous in- 
dentations and channels found between the cast entrance of tlic Straits of Magellan 
and the (iulf of Penas, and into which glaciers often descend, aiut ice floats about, 
would appear to be frequently very deep and stecp>sidod. In mid'Chaiinol, eastward 
of Capo Forward, Captain King found no bottom in the Straits of Magellan with a 
line of* 1,536 feet. 
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or which may have fallen from cliffs upon coast ice, with the 
addition even of the remains of littoral or shallow-water molluscs, 
or of other marine animals, such as the bones of fish, whales, and 
seals carried off by the coast ice. A good example of the removal 
of a block of rock by coast ice, so &r from the polar regions as 
Denmark, is mentioned by Dr. Forchhammer, who states that one, 
about 4 to 5 tons in weight, and resting on the shore, was encased 
in coast ice during the winter of 1844, and carried out to sea with 
the ice in the following spring, leaving, as it moved seaward, a 
deep furrow in the sandy clay of the shore, not quite obliterated 
six months afterwards.* 

As modifying the accumulations which may be formed on the 
bottoms of seas liable, from time to time, and, sometimes, as a 
whole, periodically, to sustain icebergs grounded upon them, the 
observer has to bear in mind that not only may the icebergs, by 
being forced against banks, jumble together, and singularly mingle 
beds of clay and sand, even occasionally adding transported fragments 
to the disturbed mass, but also act as rocks round and amid which 
streams of tide, or sea-currents, may become for the time modified. 
We should expect this to be most experienced in the regions where, 
from the general intensity of the cold, the icebergs could the longest 
remain. Sir James Ross mentions that the streams of tide were 
so strong amid grounded icebergs at the South Shctlands, that 
eddies were produced behind them,t so that, as far as such streams 
were concerned, they acted as rocks. Navigators have observed 
icebergs sufficiently long aground in some situations, that even 
mineral matter might be accumulated at their bases in favourable 
situations, while streams of tide may run so strongly between others, 
that channels might be cut by them in bottoms sufficiently yielding, 
and at depths where the friction of these streams could be ex- 
perienced. Much modification of sea-bottoms might be thus pro- 
duced by grounded icebergs, not forgetting those seasons of the 
year when many become joined together by ordinary sea-ice, con- 


♦ Forchhammer, ‘‘ Bulletin de la Socidte Gcologiquc do France,” 1S48. He observes, 
respecting the transport of blocks and pebbles on the coast of Denmark by coast ice^ 
that although the latter envelopes the blocks and pebbles on the shore, to enable 
these to be borne away, it is necessary that the thaw or rupture of the ice should 
coincide with a rise of the waters. Respecting blocks and fragments of rock borne 
out by the ice from the Baltic, by means of the current setting through the Kattegat 
in the spring, Dr. Forchhammer mentions that, in 1844, a diver found the remains of 
an English cutter, blown up during tlic bombardment of Copenhagen in 1807, covered 
by blocks, some of which measured fn»m six to eight cubic feet. The same diver 
aiilrmod that all the wrecks ho had visited iu the roadstead of Copenhagen were more 
or less covered by rock fragments, 
t Ross, “ Antarctic Voyage.” 
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stituting part of a mass to be dealt with on the large scale, when 
such ice is broken up. However firm the grounded icebergs may, 
like so many anchors, often tend to hold the main mass, it is not 
difficult to conceive that conditions arise by which many are 
dragged, cutting and ploughing up the sea-bottoms in their courses. 

Ice thus transports portions of rocks, either in the sliape of 
glaciers, descending under the needful conditions in various extra- 
tropical regions, as floating ice down rivers, as coast ice, as frag- 
ments of glaciers descending into the sea, or as masses which, 
having been aground, capsize, and bring up a portion of the bottom 
on which they previously rested. Huge fragments of roc*k are by 
these means moved to distances from their parent masses, ol‘ whicli 
no other known power, now in force on the surface of our globe, 
appears capable. It has been seen that glaciers increase and de- 
crease according to the variations of the climates under which they 
arc formed. What the amount of tliat increase and decrease may 
be under the conditions now existing, and where glaciers have been 
noticed, seems not well ascertained, though the diflerenccs in their 
volume and extent would a})p3ar to have Ixjen greater tlian was 
once sup[K)sed. Be tliat as it may, they distribute rock fragments 
outwards from mountain regions, these generally angular, unless 
ground between the glacier sides and bottom, the larger blocks and 
fragments remaining where the glaciers left tliem, while minor 
portions and finely -comminuted mineral matter are thrown into the 
torrents and rivers, to be disposed of by them according to tbeii 
fxiwers. River ice may carry detritus entangled in it, distributing 
the mineral matter uNcr areas corresjxmding with their couises, 
and which may be sufficiently flooded by them, transixirtino* many 
a block and fragment which the power of the stream could not 
otherwise liavc moved. With the exception of rock flagmen t.s, 
which may have fallen from cliffs overhanging the rivers and not 
afterwards ha\e been rounded, which may luive be‘en broken u|) 
from the side.s in the manner previously noticed (p. 2-1 -I), or wliit li 
may liave been Icfi by some prior geological condition oftlio area, we 
should expect much of the detritus borne down by river-iee to lx* 
composed of the ordimiry |xjbbles, sand, and mud of* river courses. 

The sea deals with any ice-Ix>rnc detritus received from rivers, 
oi from the coasts, according as it is tideless or tidal, and ^ the 
portions into which these are carrieil may be in laoveincnt as sou 
and <xJean cuneuts, or the ice lx* acted on by the wind. li<Kjkiiig 
at tlie iioitbern regioris, where rivers of sufficient impulanec 
discliaige themselves, cuuyaig ice outwaids, and coast ice is 



Cn. XIII.] GENERAL GEOLOGICAL EFFECTS OF ICE. 249 

common, it may be anticipated that much coast shingle, with 
rounded river pebbles, lumps of the frozen mud, and sands ol‘ 
estuaries, the occasional remains of marine animals, and now' and 
then those ol* terrestrial animals, suddenly swept outwards by the 
river floods, would be strewed about upon the sea-bottom. Many a 
bone of elephants, rhinoeeroses, and other animals, imbedded in the 
mud, sand, and gravel, of these regions, may also, after having 
been washed out of the beds which contained them, be icc-bome 
into the sea, and be mingled with remains of existing animals. To 
these may be added angular fragments carried out by the ice of* 
rivers, or borne by coast ice from beneath cliffs whence such frag- 
ments have fallen upon it, independently of those carried into 
parts of* the same seas by icebergs detached from the terminal part 
of glaciers. 

Although the arctic seas are so shut in by the lands of America 
and Asia, a comparatively small opening (Behring’s Strait) only 
occurring between them, a space sulliciently wide exists between 
America and Europe, notwithstanding the interruption presented 
by Iceland, to permit the escape outwards of a certain portion of' 
ice. We have seen that over the bottom of part of the North 
Atlantic blocks and fragments ol* rocks, with minor detritus, are 
now being strewed, without reference to its inequalities. In the 
antarctic seas very different conditions present themselves. Great 
rivers bearing ice-borne blocks and fragments of rocks, with minor 
detritus, arc not found. The land, now commonly supposed to 
occupy so large an area in the South Polar regions, supports little 
else than water in its solid form, and the coast, for the most part, 
seems so encased by huge icy barriers, tliat common coast ice 
would there appear considerably limited, as compared with the 
arctic regions, in its power to carry off nninded boulders and 
shingles. Such glaciers as reach the sea, tnmsporting fragments 
from the inland cliffs amid which they may move, would apjxjui* 
the principal agents in carrying mineral matter directly from the 
land, allowing l()r a i3ortion transported by eoiist ice. The ice 
aground off Victoria Land would nevertheless appear to have the 
power of transporting much detritus when broken up into icebergs 
and upset, strewing blocks and minor fragments, Siiiul and mud, 
over a part of* the Southern Pacific. The South Shetlands, 
South Orkneys, South Georgia, Sandwich Land, and the lands 
more or less ene.ased with ice between the South Shetlands and 
Victoria Laud doubtless also contribute, by means of glaciers, caist 
ice, and })robably als<^ as capsized grounded ice, blocks and frag- 
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ments of rock (some rounded), sand and mud, to the bottom of the 
Southern Atlantic, and the ocean southward of‘ Africa and Austra- 
lia. 'The southern portion of America adds its glacier-borne frag- 
ments, md thus, both on the north and on the south, portions ol’ 
rocks, formed in the colder, are ice-borne, and left beneath the 
seas of die more temperate, rc^ons of the earth. 
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INFLUENCE OF A GENERAL INCREASE OF COLD. — MODIFICATIONS OF TEMFE 
RATURE FROM CHANGES IN THE DISTRIBUTION OF LAND AND SEA. — 
ERRATIC BLOCKS. — EFFECTS OF GRADUAL RISE OF THE SEA BOTTOM 
STREWED WITH IC E-TRANS PORTED DETRITUS. — EFFECTS OF A SUPPOSED 
DEPRESSION OF THE BRITISH ISLANDS. — INCREASE OF ALPINE GLACIERS. 
— TRANSPORT OF ERRATIC BLOCKS BY GLACIERS. — FORMER EXISTENCE OF 
GLACIERS IN BRITAIN. — ELEVATION OF BOULDERS BY COAST ICE DURING 
SUBMERGENCE OF LAND. — ERRATIC BLOCKS OF THE ALPS. — ERRATIC 
BLOCKS OF NORTHERN EUROPE. — ERRATIC BLOCKS OF AMERICA. 

The geological eflFects now due to icc being as previously repre- 
sented, it becomes desirable to consider those which would probably 
arise either from a general diminution of temperature on the 
surface of the globe, or from partial changes of that temperature. 
With respect to the first we have to look to some general cause 
common to the whole globe. Whatever the conditions for the dis- 
tribution of temperature may have formerly been, we sec that the 
influence of the sun now causes the heat of the tropics, and the 
different exposure of the polar parts of the earth’s surface to it, the 
great variations of seasons there experienced. Any clianges of 
sufficient importance, therefore, in the influence of the sun, which 
should produce a corresponding change on the face of the earth, so 
that the line of perpetual snow, as it is termed, should descend 
lower towai'ds tlie sea in the equatorial, and cut its level at less 
high latitudes in the polar regions, would inatcrially alter the 
climates of many parts of the world. Geological effects due to 
icc would be more widely spread than they now are, and the 
equatorial space within which ice-transported masses of rock and 
other detritus cannot be borne, would be more limited. Glaciers, 
where they could be formed, would not only become more extended 
than they now arc in certain mountainous regions, but ranges 
of mountains, amid which they do not at present occur, the line of* 
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perpetual snow not descending sufficiently low, would contain 
them ; so that, in the one case, mineml matter would be distributed 
by them over a wider area ; and in the other, over districts wlicre 
no transport of the kind exists at the present time. Fragments 
angular, subangular, and rounded, would be distributed by river- 
ice and coast-ice, where none such aic now Ibrmcd, and sea-bottoms 
would then be strewed over by them, where, at present, nothing ol' 
tlie kind is carried. Animal and vegetable life would be adjusted 
to the new conditions (that adapted to the colder climates of the 
earth moving more towards the equator), its remains, at least such 
us were preserved, spreading over those of the animals and plants 
which flourished in the same regions under higher temperaturea 

The like general cflects would be expected if, without supposing 
a diminished influence of the sun, our whole solar system, moving 
through space, should pass from the temjicraturc now inferred to 
be that of the portion amid which that system Uikcs its course 
(p. 206) to one less high. And it may well deserve the attention 
of the geologist to consider the effects which would follow such a 
change, even to the amount of a few degrees, as commonly 
measured by thennoincters. In his observations on the distribution 
of masses of rock, apparently icc-bonic to their present positions, 
and about to be noticed, it is very desirable that he should regard 
the subject generally as well as lixially, so that, whatever may 
eventually appear the right inference to be drawn from the facts 
recorded, such as may bear upon the former should not be omitted in 
the search for the latter. As regards the c\ idence of’ many climates 
having remained much the sjune, with certain modifications, during 
those comparatively few revolutions of our planet round the vSiin, of 
which we have any records, and from which we may infer that the 
climates generally of the surface of the globe have not suflered 
material alteiation since the historical period, as it has Ixicn termed, 
the geological observer will soon perceive tliat he is fi)rced to con- 
sider it as affording him very liinitxxl aid in his inquiries respecting 
the former climatal conditions of' the earth. 

The present different conditions as to the production of ice 
capable of transporting mineral mutter, in the manner above 
noticed, in the northern and southern cold regions of the globe, 
arc sufficient to prove tliat partial changes of’ great importance may 
arise from differences on the surface of’ the earth itself. Every-day 
exjx?rience in geological research will show the obsc*r\er that he 
has to considei the surface of the earth to have lx‘en in an uncjuiet 
state from rem(»te geological times to the present, and tliat while 
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he so often stands, amid stratified deposits, on ancient sea-bottoms 
now elevated to various altitudes above the ocean level, many a 
region shows that its area has more than once been beneath that 
level and above it. Thus, although a mass of land may now rise 
above the sea-level at the South Pole, separated by a broad band of 
ocean from other great masses of land to the northward, producing 
certain effects as regards the climate of that part of the globe, and 
the northern polar regions are otherwise circumstanced, it by no 
means follows that such has always been the case, even in more 
recent geological times. If wc change the conditions of the two 
polar regions, a difference of results is obtained of an important 
geological character. Mr. Darwin has skilfully touched upon the 
effects which would follow such a modification of conditions, 
and which require to be borne in mind in researches of this 
kind.* 

In like manner any elevation or depression of a considerable area 
of dry land, wliich should raise parts of it above, f>r lower others, 
now above, ]x?ncatli the line of perpetual snow, woidd produce mo- 
difications in the transport of mineral matter which could be effected 

* Ho transports, in ima^^inatioii, parts of the southern rofrion to a corresponding 
latitude in tiie north. “On this supposition.” he observes, “ in the southern 
provinces of France, magnificevt forests, intwiiied by sriwrescent grasses, and the 
trees loaded with parasitical plants, would cover the face of the country. In the lati- 
tude of Mont IJIanc, but on an island as far eastward as Central Siberia, tree-ferns 
and parasitical orchidcce, would thrive amidst the thick woods. F.ven as far north as 
C'cntral Denmark, humming birds might be seen fluttering about delicate flowers, and 
parrots feeding amidst the evergreen wooils, with which the mountains would lie 
clothed down t(» the water’s edge. Nevertheless, the southern part of Scotlanil (only 
removed twice as far to the castwanl) would present an island “ almost w’holly 
covered with everlasting snow, and having each ha\ terminated by ice-cliflTs, from 
which great masses, yearly detache<i, would sometimes bear with them fragments of 
rock. This island would only boast of one land-bird, n little grass and moss ; yet, in 
the same latitude, the sea might swarm with living creatures. A chain of mountains, 
w'hich we will call the CordiUei*a, running north and se\ith, through the Alps (but 
having an altitiuie much inferior to the latter), would connect them with the central 
part of Denmark. Along this whole line nearly every dtx^p sound would end in * hold 
and astonishing glaciers.’ In the Alps themselves (with their altitude reduced by 
about half), w’e should find proofs of recent elevations, and occasionally terrible earth- 
quakes w'ould cause such mosses of ice to be precipitated into the sea, that waves, 
tearing all before them, would heap together enormous fragments, and pile them up 
in the comer of the valleys. At other times, icebergs, charged w ith no iiiconsi«lorable 
blocks of granite, would ho flonte<l from the flanks of Mont IJlauc, aiul then strande^l 
in the outlying islands of the Jura. Who, then, will deny the possibility of these 
things having taken place in Europe during a former period, and under circumstances 
known to bo different from the present, when, on merely looking to the other hemi- 
sphere, we see they are under the daily order of events?” Mr. Darwin then calls 
attention to the island groups, situated in the latitude of the south part of Norway, 
and others in that of Ferroe. These, in the middle of summer, would be buried 
umler snow', ami surrounded by walls of ice, so that scarcely a living thing of any 
kind would bo sujqmrtctl on the land.” -Narrative of the Surveying Voyages of the 
Adventure luul Reagle, vol. iii. p. 2‘.H. 
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by ioe. If the tegion comprising the Alps were raised 3,000 feet 
above its present relative level, the area fitted for the formation of 
glaciers would be greatly extended, many a valley would be filled 
with ice, and many a mountain would contribute its glacier, not so 
filled or contributing at the present moment. Blocks and minor 
fragments of rocks would be ice-bome over, and left at distances 
from the main range not now attained ; and, under the supposition 
of a gradual rise of* land, many modifications would attend the 
change in the perpetual snow line, whence the glaciers for the time 
took their rise. Many a ravine and mountain side would be groove<l 
and scratched not now touched by glaciers, and huge masses of rock 
be accumulated in heaps or lines, in localities where no ice now 
transports such masses. Assuming a depression of the same area* 
if we take the present relative levels only into consideration, the 
transport of glacicr-bome blocks and fragments of rock, with the 
polishing, groo^dng, and scratching of valleys and their sides by the 
moving ice, would be limited to the areas now occupied by glaciers, 
duly allowing for their extension and contraction within the range 
of the present climatal conditions. 

Thus, by the elevation and depression of large areas of dry land, 
very varied conditions for the existence, extension, or contraction 
of glaciers, with their geological consequences, may arise, witliout 
reference to those due to floating ice, excepting such as could bo 
formed in great lakes, such as that of Geneva, for example, where 
effects similar to those obscr\-ed in northern America would bo 
produced. On the shores of such lakes coast ice would be formed, 
enclosing fragments of the rocks, and the shingles of beaches, to be 
borne away, should circumstances permit, if rabed to an altitude 
permitting a depression of temperature sufficient for the pniduction 
of such ice. There is also no difficulty in imagining conditions 
under which glaciers could protrude into large fresh-water lakes, 
carrying rock fragments with them, and having their extremities 
broken off* and floated away with their detrital loads, under proper 
depths of water, as now t^es place in the sea in the polar regions. 
Such masses of ice, though not moved onwards by streams of tide or 
ocean currents, would still be under the influence of the winds, 
to be driven to, and stranded in minor depths, where the icc could 
melt, and leave any blocks or fragments entangled in or resting 
upon them. 

With respect to the distribution of ice-bome blocks of rock upon 
lakes, Sir Roderick Murchison has called attention to efTocts which 
would follow the lowering of lakes in regions where ice could be 
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formed of sufficient thickness and importance for the transport of 
detritus.* 

When the depression of an area of dry land, with the needful 
modifications of surface, in climates where glaciers had been formed, 
was such that the sea entered amid the valleys in which these streams 
of ice occurred, the change might or might not, according to the 
general climatal conditions produced, affect the glaciers. Should 
the change in the northern be of an order to introduce the climate 
of the southern hemisphere, it has been above seen (p. 240), the 
cold might be so increased, that Alpine glaciers became more 
extended, delivering icebergs into surrounding seas, so that, as 
Mr. Darwin has remarked (note, p. 253), they might float away, 
and be stranded on the Jura, then an island range. 

Hitherto we have regarded these alterations of level as slowly 
produced, so that the changes, of whatever kind, were gradual, 
causing no sudden alteration of conditions. This, however, is far 
from necessary in geological reasoning, there being evidence con- 
nected not only with actual mountain ranges, but also with many a 
district wherein the rocks are broken and contorted, which would 
lead us to infer, with every allowance for the repeated effects 
resulting from the multiplied application of minor forces, that con- 
siderable forces had often been somewhat suddenly called into action. 
The waves produced during the disturbances of the land, known to 
us as earthquakes, and which will be noticed hereafter, are sufficient 
to show how, in that mode alone, glaciers, protruding into the sea, 
or great lakes of fresh water, may be lifted at their ends, and their 
fragments, with any load of detritus they may sustain, be whirled 
about and stranded in unusual situations. Greater waves would 
produce greater results, and when we unite tliein with land suddenly 
depressed beneath the sea-level, even only a few hundred feet, in 
such regions as those of Victoria Land and South Georgia, or of‘ 
Greenland and Iceland, we have the means of removing ice and 
producing a complicated mixture of blocks and minor fragments of' 
rock of great geological importance. In like manner, the sudden 
elevation of land, covered by snow and glaciers, if accompanied by 
the transmission of heat through fissures then farmed, or by the 
increased temperature of the supporting mineral matter from the 
protrusion of igneous rocks among it, so that the snow and ice werQ 
suddenly and in part melted, would be productive of no slight 
geologi^ effect, more especially if the glaciers of the land so acted 
upon protruded, or nearly so, into the sea. 


* Geology of Russia in Europe and the Ural Mountains,” vol. i. p. 568. 



ERRATIC BLOCKS. 


2r>6 


[Ch. XIV. 


Huge blocks of rock, often angular, are found scattered in such 
a manner over parts of the nortliern portions of Euro^xi and America, 
and again in part of Soutli America, and amid and around moun- 
tainous regions, such as the Alps, that, comparing their mode ot' 
distribution with that now known to be taking place by means of 
ice, attention has of late been very generally given to this explana- 
tion of their mode of occurrence. The masses of rock so found arc 
commonly termed Erratic Blocks^ and correct observations respect- 
ing the conditions under which they arc found arc material t (3 a 
right understanding, particularly as respects the northern hemi- 
sphere, of the manner in which they have been accumulated. 

As there are occasionally blocks of‘ rocks scattered over a country, 
which arc merely portions of some liardcr beds, interstratified with 
more yielding substances, or are the remains of dykes and veins of 
igneous rocks, the continuity and mode of occurrence ol* which 
may not be clear, the more readily disintegrated rocks having been 
removed by the effects of atmospheric influences, or breaker action 
at some prior geological time, the observer has in some districts to 
employ much caution as respects their origin. This is especially 
needed where the dykes or veins f>f the igneous rocks may have 
decomposed, as often happens, in an irregular manner, so that 
portions of* the more unyielding, or harder parts, are scattered about, 
while traces of the softer are not easily found. From the liability 
of certiiin igneous r(X?ks to decompose in spheroidal forms (fig. 2, 
p. 3, and fig. 7, p. 9), such blocks will s^inictimcs present the false 
appearance of having been r<>unded by attrition, as if* worn on some 
coast. Let, for illustration, «, be a dyke of greenstone, liable to 


Fig. 96. 
.t 



unequal dccomjx)sition in different parts, at a decomposed in splic- 
. roidal portions, then during the loss of general surface upqn the liill 
side c/, the harder parts of the disintegrated portion, a c, might 
fall over towards c, and present the appearance of rounded boulders 
of greenstme resting u]K>n some other rtK-k. Again, on the other 
side of th(,‘ \ii\]yf there might also )je angular fmgments of r<x*k, 
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h A, detached from the harder beds above them, during a loss of 
matter from an old surface, / k. This kind of precaution has 
frequently to be taken in granitic regions, the blocks of granite often 
decomposing in a rounded form, so as, when scattered about amid 
bogs, and much disintegrated rock, to present the appearance of 
boulders rounded by attrition. 

The tendency to decompose in spheroidal forms has also to be 
sometimes well considered when it is inferred that such rocks, even 
when they are true erratic blocks, have been rounded by attrition 
before they were ice-transported. A block of* granite, for example, 
such as that represented beneath, a (fig. 97), though now rounded. 


Fig. 97. 

a 



may have been transported in a more angular condition, the removal 
of the angular parts having been effected by decomposition, from 
atmospheric influences, since it occupied its present position. In 
this manner, rounded blocks of granite may be scattered down a 
mountain side, as in the following section (fig. 98), where granite, 

Fig. 98. d 



Cy rising in a tor, dy above certain stratified deposits, by has fallen 
in blocks, down the slope, a large rounded block presenting itself at 
a. Although it may have so happened that such a state of things 
had been brought about by the motion of a glacier, leaving lateral 
moraines (other fitting conditions obtaining), or by coast ice carry- 
ing blocks of rock, it still becomes needful to ascertain that such 
are not blocks fallen f'rom the heights, and simply rounded by 
decomposition, which a careful examination of the granite at <i, 
would aid in showing. 
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As under the hypothesis of cold having once prevailed in the 
northern hemisphere, greater than at present, much of the land then 
submerged is now raised above the level of* the sea, and consequently 
an upward movement of a large portion of northern Europe, Asia, 
and America inferred, it becomes of no slight interest to sec how 
far ice, in its various modes of occurrence, could be the means of 
producing the distribution of the rock fragments, often of great 
magnitude, there found. Assuming the submergence, it becomes 
desirable to see if its amount can be ascertained. There is always 
the difficulty of knowing how much portions of rock, of various 
sizes, may have been rounded and left on coasts and in river courses 
over the older accumulations, anterior to this supposed ice or glacial 
|>eriod in the northern hemisphere. Giving this, however, its full 
value, we should expect, as the land rose and the temperature be- 
came gradually elevated to that which we now find, that, under 
certain favourable circumstances, glaciers which were previously 
cut off by the sea, floating away their terminal portions, might for 
a time become more extended over dry land, thrusting forward 
their moraines further than formerly. Thus the levels at which 
the remains of true terminal moraines could be found, might not 
give the amount of submergence sought, even supposing that they 
could be fairly separated from other accumulations of* rocks which 
they may more or less resemble. Coast accumulations of the time, 
if they could be traced, would be more certain guides. 

Still assuming a gradual disappearance of ice, up to the amount 
now found in the northern regions, and consequently the entire 
disappearance of many glaciers on lands, such, for example, as the 
British Islands, where they are supposed to have occurred at the 
glacial period, the various moraines, as also the polished surfaces, 
grooves, and scratches formed by the glaciers, would be gradually 
left to be dealt with by atmospheric influences, and the modifications 
and changes brought about by them, vegetation spreading over the 
land as the snow and ice disappeared. 

The land rising, and the deeper parts becoming more shallow, 
rnud, previously beyond the action of the wind- waves moving on 
the surface, would be caught up in mechanical suspension, to be 
carried to more quiet situations by streams of tide (in tidal seas), 
or sea-currents, where these began to act. The same with the 
other portions of the sea-bottom : fragments of rock, of various 
forms and sizes, thrown down from portions of glaciers, river i(;c, 
and coast ice, as they floated above and gradually parted with them, 
rising with the rest. While much fine sediment would be separated 
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from the larger detritus, as the wind-wave action became more and 
more felt, so that much of this sediment might be removed from 
amid the larger detritus, bringing the portions of the latter gradually 
into closer contact, it would be when the sea-bottom came within 
the action of the breakers, that the chief modifications of such 
previous sea-bottom would be efiPected. The new coasts would be 
adjusted to the conditions arising from their exposure to the force 
of the breakers, and the rise and fall of tides, where these were 
felt, and the angular fragments which had reposed quietly at the 
bottom, in the manner above noticed (p. 230), would be brought 
within the action of the breakers, to be rounded by attrition, 
large blocks standing out as many rocks now do on the sea-coasts. 
Wliilc previously ice-bomc and rounded blocks and shingles would 
again be more worn, the angular fragments would be more or 
less rounded by the same action, according to their exposure to 
the breakers. Lines of beach would be thrown up in the usual 
manner, sandy or shingly, according to circumstances, and be left 
and be modified by atmospheric influences as the land rose, and 
the drainage of the old sea-bottom became adjusted to its various 
levels and inequalities of surface. 

Under such circumstances, very variable results would be pro- 
duced as conditions changed, and the component portions of the 
old sea-bottom were partly removed and partly left ; dispersed icc- 
bomc fragments of rock, rounded or angular as the case may have 
been, brought together, the angles of the latter sometimes com- 
pletely rounded by breaker action, at others not much injured ; the 
shells of molluscs and the harder parts of other marine animals 
sometimes removed and redeposited in a nearly uninjured state, at 
others, broken into fragments, and variously arranged amid the new 
accumulations of mud, sand, shingles, and boulders. Should there 
have been a tendency, under the old conditions of the sea-bottom, 
to have glacier ice, loaded with rock fragments, or coast ice, bearing 
away shingles, boulders, and also angular blocks floated away in 
particular directions, dropping their mineral burdens in lines, upon 
that bottom, such lines, as it rose, would be preserved according to 
circumstances. However separated large blocks might be by any 
other deposits effected during their gmdual accumulation, there 
would be a tendency to remove the finer sediment from among them, 
so that they would finally present the aspect of lines, often, when 
the blocks were very thickly thrown down from the icc, forming 
ridges. Such ridges would, however, be acted upon by breakers 
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during the rise of the land, so that detritus might be strewed upon 
them in the manner of beaches, and thus a complicated arrangement 
of parts be produced. 

During such changes, icebergs derived from glaciers would float 
about until the parent glaciers either disappeared or became 
separated from the sea, and the coast ice formed would become 
gradually limited in its production up to its present adjustment 
Various new modifications would arise from the formation of coast 
ice, as also from the river ice, as the drainage of the old land 
found its way amid the new land, with the rain and spring waters 
of the latter, to the sea. Many blocks of rock would be caught 
up on the coast, and be transported elsewhere, as was the case 
with the block on the coast of Denmark, mentioned by Professor 
Forclihammer (p. 247), and rivers flowing in certain directions 
might carry back blocks of rock towards their parent masses, as 
noticed by Sir Roderick Murchison* in the manner that blocks arc 
now moved northwards by the Volkof and Msta. 

Under the hypothesis, therefore, of lower temperature ac- 
companied by more sea, the bottom of much of which has since 
become dry land in the northern hemisphere, the observer has not 
only to study a wide range of country for evidence of the land 
supposed to be originally above the water, variously snow-clad, 
and furnishing glaciers, the terminal parts of which, from time to 
time, floated away, with the coast ice and extension probably ol* 
ice barriers, but also the modifications which the old sea-bottom 
has undergone in its rise above the sea. Thus he would often 
have to separate, and duly weigh, much evidence which might, at 
first, appear somewhat contradictory as to erratic blocks having 
been transported by land ice or sea ice — as to the polishing, 
grooving, and scratching of subjacent rocks by the one or the other, 
and as to the original arrangement and rearrangement of many 
detrital accumulations. 

It may be instructive to consider the effects which would follow 
the submergence of the British Islands, and ol‘ an adjoining portion 
of France, to 1,000 feet beneath the level of the seas wliich now 
surround and adjoin them. And it should be noticed that of a sub- 
mergence to this, and even a larger amount at a comparatively 
recent geological period, there would appear good evidengc. A 
glance at the accompanying map (fig. 99), which represents the 


Geology of Busfia in Europe and the Ural Mountaina/’ vol. i., p. 565. 
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Fig. 99. 
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land that would, under this hjrpothesis, be above water, will show 
numerous islands and islets variously distributed.* The largest 
amount of dry land would be found in Northern Scotland, and be 
divided into two main portions by a strait, now occupied by the 
low ground and lakes between the Murray Firth and Loch Linnhe. 
Off these principal islands there would be many minor islets, chiefly 
on the south and south-west. In Southern Scotland there would 
also be a patch of dry land, of some size, and in Cumberland and 
Westmoreland another ; while a somewhat comparatively largo 
island would extend, in a north and south direction from West- 
moreland, by Yorkshire into Derbyshire. In Wales there would 
be much land above the level of the sea, with many detached islets 
there and in some parts of England ; among them the tops of the 
Malvern liills, which now at a distance present so much the ap- 
pearance of an island, t In Ireland there would be numerous 
islets, the chief island being formed by the Wicklow mountains 
and their continuation. From them, to the westward, many islets 
would rise above the sea. * As a whole, the Irish islets would be 
principally gathered into two groups, one on the north, the other 
on the south. 

Taking this submer^nce, with a climate resembling that of' 
Ticrra del Fuego and South Georgia, so that such islands as were 
sufficiently high were snow-clad, glaciers would descend into tlic 
valleys, even occasionally reaching the sea, their terminal portions 
loaded with blocks and fragments, these floated off by the ice, and 
strewed over the bottoms of the neighbouring seas according to 
circumstances. And respecting the heights of the islands, many 
would rise to sufficient altitudes for .these effects to bo produced, 
Lugnaquilla being still 2,039 feet above the sea, Ben Nevis 3,373 
feet, Skiddaw 2,022 feet, and Snowdon 2,571 feet. If to this we 
axld the coast ice, with its effects as above noticed (p. 245), tliei e 
would be no want of conditions for the distribution, by means of 
icc, of blocks of rock of various sizes and kinds, and of fragments 

♦ The light portions of the map represent the parts of the present land, which 
would appear above water if it were submerged l,OUO feet; the next shade will be 
readily recognized as the present outlines of the British Islands ; the darker shade cor- 
responds with the depth of 600 feet (100 fathoms) around these islands, and the black 
jiortion with the deeper oceanic waters. 

t A study of the Malvern district is not only interesting os showing how Idng tl»e 
Malvern hills retained their insular character during the emergence of the" British 
Islands to their present relative level, but also as regards the island state of the same 
hills at a far more remote geological period, one anterior to the accumulation of the 
rocks commonly known to British geologists as the New Re<l Sondstonc. A detailed 
account of this district is given by Professor John Phillips, “ Memoirs of the Geo- 
logical Survey of Great Britain,” vol. ii., part 1. 
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of all forms over the area now presented by the British Islands, at 
various levels beneath that corresponding witli an altitude of 1,000 
feet above the present sea level. Wliile this was being aecomplished, 
the formation of moraines, and the polishing, grooving, and 
scratching of rocks, through the instrumentality of glaciers, would 
be effected above that level, up to altitudes where glacier action 
of that kind could be then felt. At the sea level, and at such 
depths beneath it as its influence could be felt, coast ice would be 
the means of polishing, grooving, and scratching rocks exposed to 
its action ; icebergs would ground, producing their effects, and 
such rivers as moved rocks by means of ice would add their ice- 
transported detritus. 

A submersion of the British Islands to 1,000 feet beneath the 
present level — a cliange in the relative level of sea and land which, 
however startling it may be to those unaccustomed to geological 
investigations, the observer will soon learn to consider as one of‘ a 
minor kind, — could scarcely fail to be accompanied with a sub- 
mersion of various adjoining portions of Europe. It is not needful 
to infer that the relative change of level was of‘ equal amount 
through a very considerable area. It may lla^'e been greater in 
some regions, less in otliers ; but let tliis have been as it may, sucli 
a change would probably bring about a very material difference in 
the distribution of land and sea, as we now find it. Among other 
modifications, tlic Scandinavian regions miglit be brouglit under 
conditions by which, should currents permit, blocks and fragments 
of rocks, and of various sizes and forms, could be borne by icebergs 
or coast ice, and be distributed over the bottoms of the seas then 
on the southward of them, some even being drifted to the area of 
tlie British Islands, mingling here and there with their own ice- 
distributed detritus. 

In such clianges, not only has the geologist to bear in mind the 
different distribution of sea and land, but also the modification of‘ 
tidal action and sea currents effected, duly gi\ ing attention to the 
probable extension of coast-ice, even, perha})s, sometimes amount- 
ing to great icy barriers. Though some valuc‘ would have to be 
attached to the influence of* the outstanding group of islands and 
islets then rising above the area now more extensively occupied by 
the British Islands, the waves of the Atlantic would roll over a 
large tract now forming a portion of Northern France, with 
Belgium, Holland, Denmark, Northern Germany, and an extended 
area in Russia. The conditions producing the action of* the tides 
surrounding the British Islands being changed, others would arise 
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suited to the new arrangement of land and sea, and many a mass of 
ice in the Scandinavian regions, so long as it rested on sea-boftoms, 
would act as land in the modification of tidal streams and sea 
currents. 

How far the outlines of the land may have generally resembled 
the present at the commencement of these changes it would be 
difficult to say, since many modifications have been produced 
while such changes were effected, and the submergence may have 
commenced when more land was above the sea level than at 
present, somewhat more corresponding with the line of 600 feet 
now beneath the sea, around the British Islands, as in the plans, 
fig. 65 (p. 91), and fig. 99 (p. 261). Taking, however, the pre- 
sent distribution of sea and land as a guide, and looking chiefly 
to the production of ice (other consequences of submerging and 
emerging land being reserv^ed, in a great measure, for subsequent 
notice), we have to consider an increase of cold on the one side, 
and a decrease of dry land accompanied by a loss of height, on the 
part still above water, on the other. For convenience we may 
regard these changes as gradual, the modifications arising from 
more rapid change being readily appreciated. 

The gradual increase of cold would tend to lower the line oi‘ 
perpetual snow over the dry land, while the rate of its descent 
down any mountain range would depend upon the rate of submer- 
gence of the land. They might balance each other. Should the 
rate of decrease of temperature be more rapid than would be compen- 
sated by the submergence, pre-existing glaciers would increase even 
during the descent of the land, and new glaciers would establish 
themselves elsewhere under the needful conditions. Assuming, 
however, the continued increase of cold, a time would come, even 
if the pre-existing glaciers did not much increase during the sub- 
mergence of the land, when those formed in Scandinavia could 
reach the sea, as now in Greenland, distributing detritus by their 
detached portions bearing rock fragments to the adjacent seas. 

Looking to other portions of Europe with reference to this sub- 
mersion of 1,000 feet, or thereabouts, it may not be uninstructivc 
to consider the effects of the cold inferred upon the glaciers of such 
regions as the Alps, and the establishment of* new glaciers in other 
mountainous districts where the needful conditions may luvve been 
produced. In the Alps the glaciers would increase, as they now 
do, under the influence of certain seasons ; but instead of that de- 
crease which brings them back to a certain state from a modifica- 
tion of the seasons in another direction, tlie increase would continue, 
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an extension of the sea from the Atlantic being not nnfavonrable 
for this purpose, independently of the greater cold produced. Un- 
der such circumstances, glacier-bome blocks and other rock frag- 
ments, which would have been left in many a locality, or carried for- 
ward to the terminal moraines, would continue to advance with the 
augmented length and volume of the glaciers, until they were finally 
arrested in their progress by the conditions afiecting the extent of 
the glaciers themselves. If the observer will study the occurrence 
of existing glaciers upon maps or models of the Alps and adjoining 
districts,* he will perceive that the outward courses of existing 
glaciers would be greatly extended, while many a new glacier 
would contribute its ice to the general mass, sometimes carrying 
its own moraines, and at others modifying the courses of the main 
streams of ice into which it might merge. With a change of tem- 
perature and of relative level of sea and land, which should bring 
down the altitude of the present line of perpetual snow in the Alps 
to that of Chiloe (between 40° to 43 S., the Alps being between 
42 ' and 47 N.), it would descend about 2,500 feet, and with it the 
ndvd of the glaciers. This descent of the snow-line being supposed 
gradual, the glaciers would advance as gradually, and the blocks 
derived from the present interior portions of the Alps would be 
moved onwards in front. Let, in the following section (fig. 100), 

Fig. 100. 



rt, 6, be the level of perpetual snow in a range of mountains amid 
which glaciers are formed, d, the extension of one of these glaciers 
under any given, yet needful, conditions ; c and /, mountains, just 
beneath the line of perpetual snow. If' now the conditions so 
change that g h becomes the perpetual snow line, those for the pro- 
duction of glaciers continuing, the supply oi' the original glacier 
will take place at a lower level, while the ice which only cxtende<l 
to d, would be forced onward, on the same principle as the ordi- 
nary, however temporary, increase of a glacier may be affected. 


♦ The map accompanying “ Travels in the Alps of Savoy,” &c., by Professor James 
Forbes, ujwn which the glaciers of the districts visited are very carefully enteretl, 
will be found very useful for this purpose, and more especially with reference to the 
Inferred extension of glaciers down the valley of the Rhone to the Jura. 
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With it any collection of‘ blocks, tlirust forward in the usual 
manner to A, would be moved onward, with the icc, to Z, and pos- 
sibly to m, the proper conditions prevailing.* With such increase 
a collateral glacier might come in from a valley o, between n and c?, 

♦ Regarding the extension of Alpine glaciers from increased cold, continued through 
a certain amount of geological time, the slopes over which they may be inferred to 
have passed require attention, due allowance being made for the effects which would 
arise from the supposed greatly-increased volume of many glaciers. As connected 
with this subject, M. Elie de B^umont has given (“ Note sur Ics pentes de la limito 
superieure de la zone erratique,” &c., Annales dcs Sciences Geologiqucs, 1842) the 
following table for the upper limit of the erratic block zone of the valley of the 
Rhone, &c. : — 
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M. Elie de Beaumont remarks that he does not know in the Alps any glacier which 
moves through any considerable extent, such as a league, with a slope much less 
than 3®. 
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perhaps the extension of a small glacier previously formed at p, or 
altogether new ; and thus blocks and glaciers may descend against 
the extension of the main glacier to m. The face of the Alps, as 
regards snow and ice, would be most materially changed by a 
descent of the snow-line, so as to be of about the same altitude as 
that of Chiloe, and a further decrease of temperature would neces- 
sarily still further extend the glaciers. 

Assuming a depression of this kind, the observ^er has to take 
into consideration the rise of the sea-bottom to the present European 
levels of sea and land, accompanied by an elevation of general tem- 
perature to that now found. As the land rose, beaches would be 
left in various situations, showing the different alterations of the 
relative levels of sea and land. Should considerable pauses in the 
elevation of the land have taken pkee, these would be marked by 
lines of cliff, where the rocks could be sufficiently worn by the 
breakers. The production of coast ice would gradually become 
less, so that its formation would cease in the southern lands, and 
the glaciers generally would decrease, leaving tlielr lines of moraines, 
and many angular blocks of rock, perched on the sides of mountains, 
as in the following skctcli (a, b, fig. 1^1), at altitudes corresponding 

Fi?. 101. 



with the volumes of their transporting glaciers at the periods of 
their chief extension down valleys, where only a remnant of such 
glaciers may be now left at their higher extremities, or even, as in 
the British Islands, no portion of one may remain. 

The land continuing to rise, not only would the previous sea- 
bottom, with its varied accumulations (in some of which the remains 
of animal life would be entombed, often in regular beds of sand, silt. 
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and mud), be brought within the destructive influence of the 
breakers, as above noticed (p. 258), but rivers also would begin to 
flow amid the old sea-bottom. According to circumstances, such 
rivers would present varied characters, and some would cany 
forward ice-bome detritus to the sea, or leave it on their courses, 
as it might happen, until only certain of them, those now possessing 
the needful conditions, so transported mineral substances. 

From the interest which has been excited respecting the transport 
of erratic blocks, many of great volume, by means of ice, a mass of 
information has been collected, rendering the submersion of a 
large portion of Northern Europe, Asia, and America, accompanied 
by a considerable depression of temperature, extremely probable. 
The effects of floating ice have for a long time engaged attention. 
Professor Wrede, of Berlin, would appear to have been among the 
first to account for the erratic blocks on the south of the Baltic, by 
means of floating ice, there having subsequently been a change of 
level in that region, by which the sea-bottom became dry land.* 
Sir James Hall also long since referred to floating ice, combined 
with earthquake waves, as a means of transporting erratic blocks ; t 
and its aid, under various conditions, has been sought in explanation 
of the transport of large and often angular blocks of rock from 
their parent masses to considerable distances. Though Professor 
Playfair long since (1802) pointed out glaciers as having been the 
means of carrying erratic blocks, $ even (in 1806) inferring that 
those on the Jura may have been transported by the extension of 
ancient Alpine glaciers to that range of mountains, the subject 
engaged no great attention for some time. M. Venetz appears to 
have been the first who, having had occasion to study glacier 

* “ Geognostfcal Researches relative to the Countries on the Baltic, and particularly 
to the Low Lands at the Mouth of the Oder, with Observations on the gradual change 
of the Level of the Sea in the Northern Hemisphere, and its physical causes, as quotc<l 
by De Luc, Geological Travels, 1810.” Professor Wrede supposed a slow change in 
the centre of gravity of the earth, so that the waters retreatetl from the northern 
hemisphere, leaving the sea-bottom dry, with the ice-borne blocks of rock upon it. 
He calculated the ice needed to float an erratic block, estimated to weigh 4110,000 lbs. 
occurring at the mouth of the Oder. ^ 

t “On the Revolutions of the Earth’s surface” (1812), Transactions of the Royol 
Society of Edinburgh, vol. vii.. p. 157. After noticing the removal of a block oi 
rock four or five feet diameter, being a boundary mark between two estates on the 
shore of the Murray Frith, by the tide, while encased in ice, for 90 yards, and also 
the magnitude and effects of earthquakes, he aaks, respecting the erratic blocks of 
Northern Europe, if both combined would not produce the effects required, “ the 
natural place of these blocks being covered perfectly with ice, in the state best calcu- 
li for fulfilling the office here assigned it,” p. 157. He inferred that in the Alps 

oasumlng the fitting conditions, would wash ofl* portions of glaciers 
with their load of blocks. 

X Playfair, ** Illustrations of the Huttonian Thcoiy,” § .*149. 
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movements, subsequently (1821) took the same view;* one 
adopted afterwards (1835) by M. de Charpcntier,+ and further 
extended (in 1837) by M. Agassiz. J The subject then attracted 
more general interest, especially from the writings of M. de Char- 
pentier§ and M. Agassiz, || and the consideration of the effects 
produced by existing glaciers and floating ice, with the probability 
of a colder state than at present of the northern portions of Europe, 
Asia, and America, at a comparatively recent time, now form one 
of the usual objects of geological investigation. 

Sir Charles Lyell long since called attention to the distribution 
of blocks and minor fragments of rock over the sea-bottom by means 
of icebergs, and to the manner in which such detritus would be 
found scattered over various levels, if this sea-bottom were upraised 
and formed dry land.lF Subsequently (in 1840) after noticing the 
action of drift ice, charged with mud, and blocks of rocks, he 
pointed out the manner in which floating ice may, by grounding 
upon coasts or banks, so squeeze the upper layers of mud, sand, 
and gravel, that contorted masses of these layers may repose upon 
undisturbed and horizontal beds beneath.** It was, however, in 
consequence of a visit to this country by M. Agassiz, in 1840, and 
upon the extension of his views respecting glaciers to the British 
Islands, that the former existence of glaciers in them has attracted 


* Venetz, “ Biblioth^ue Univcrselle de Geneve,” tom. xxi., p. 77, and “Dcnk- 
schriften der Schweizerischen Gescllschaft ; ” 1 Band, Zurich, 1833. 

t De Chariienticr, Notice sur le cause probable du Transport des Blocs Erratiques 
de la Suisse, “Annales des Mines,” 3me Series, tom. viii., 1835 

X Agassiz, “ Address before the Helvetic Society of Natural Sciences, at Neufchatel,” 
1837. 

§ ^^Essal sur les Glaciers et sur le Terrain Erratique du Bassin du Rhone,” 
Lausanne, 1841. 

II Etudes sur les Glaciers,” 1840. 

If ** Principles of Geology,” 1832. 

♦♦ In a communication on the Boulder Formation or Drift, and associated fresh-water 
deposits, composing the mud cliffs of Eastern Norfolk, Proceedings of the Geological 
Society of London ” (January, 1840), vol. iii., wherein the contortions observed on 
that coast are thus explained. 

ft In the “ Proceedings of the Geological Society of London,” vol. iii., p. 328 (1840), 
M. Agassiz has given a summary respecting his views of the former existence of 
glaciers in the British Islands. Ben Nevis, in the north of Scotland, and the 
Grampians in Southern Scotland, are considered by him as the great centres of 
dispersion of erratic blocks by glacier ice in that part of Great Britain. He pointed 
out the mountains of Northumberland, Westmoreland, Cumberland, and Wales, as 
well as those of Ayrshire, Antrim, Wicklow, and the West of Ireland, as also centres 
of dispersion, each district having its peculiar debris, traceable in many instances 
to tlie parent rock, at the head of the valleys. Hence,” observes M. Agassiz, “ it is 
plain the cause of the transport must be sought for in the centre of the mountain 
ranges, and not from a point without the district.” The Swedish blocks on the coast 
of England do not, he conceives, contradict this position, as he adopts the opinion 
that they may have been transported by tloatiiig ice,” p. 329. He considered that the 
best example of glacier striated rocks in Scotland is to be seen at Ballahulish. 
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attention. • Numerous facts have since been adduced in support of 
this opinion by Dr. Buckland, Sir Charles Lyell, Professor James 
Forbes, Mr. Darwin, and others.* The amount of submergence at 


* Dr. Buckland (“ Proceedings of the Geological Society of liondon,” vol., iii. p. .*132, 
1840), in his paper, *<On tlie Evidences of Glaciers in Scotland and the North of 
England,” points out localities which he infers show the remains of moraines near 
Dumfries, in Aberdeenshire, in Forfarshire, at Tay mouth, Glon Coficld, and near 
Callender, with evidences of ancient glaciers on Schiehallion, in and near Strath Earn, 
and nearComrie; and of glacial action at Stirling and Edinburgh, lie also mentions 
moraines in Northumberland, the evidence of ancient glaciers in Cumberland and 
W’^cstmoreland, and the dispersion of Shap Fell granite by ice. 

In his address to the Geological Society of London, as its President, in February, 
1841, Dr. Buckland gave a condensed statement of the progress of investigations on 
this subject during the preceding year, one in which the “ Glacial Theory,’* was so 
much considered. 

Dr. Buckland subsequently, in his memoir on the Glacia-Diluvial Phoenomena in 
Snowdonia, and tlie adjacent parts of North Wales (December, 1841), “Proceedings 
of the Geological Society,** vol. iii., p. 579, described the rounded and polished 
surfaces, often accompanied by grooves and scratches, attributed to glacier action, in 
the valleys of Conway, of the Llugwy, of the Ogwyn, of the Sciaiit, and of Llanbcris, 
of Gwyrfain or Forrhyd, of the Nautel or Lyfni, anti of the Gwynant. 

Sir Charles Lyell, in his paper “On the Geological Evidence of the former 
existence of Glaciers in Forfarshire,’* stated that though, for several years he had 
attributed the transport of erratic blocks, and the curvature and contortions of the 
incoherent strata of gravel and clay, resting u^wn the unstratified till, to drifting ice, 
he had found difficulty in thus accounting for certain other facts connected with the 
subject, until Professor Agassiz extended his glacial theory to Scotland. After 
a description of various minor districts. Sir Charles Lyell observes, “ that it is in 
South Georgia, Kerguelen’s Land, and Sandwich Laud, we must look for the nearest 
approach to the state of things which must have existed in Scotland during the 
glacial epoch.” 

Professor James Forbes, in his “ Notes on the Topography and Geology of the 
Cuchullen Hills, in Skye, and the trac^ of ancient glaciers which they present,” 
(Edinburgh New Philosophical Journal, 1846, vol. xl., p. 76), points out groovings 
and Bcratchings upon polished rocks of a marked kincL He observes, respecting the 
valley of Coruisk, that “ the surfaces of hypersthene, thus planed or evened, present 
systems of grooves exactly similar to those so much insisted on in the action of 
glaciers on subjacent rocks, and as evidence of glaciers in parts of the A1]>8 and Jura, 
where they are now awanting. These grooves or striae are os well marked, as 
continuous, and as strictly parallel to what I have elsewhere shown to be the necessary 
course of a tenacious mass of ice urged by gravity down a valley, as anywhere in 
the Alps. They occur in high vertical cliffs, as near tlie Pisscvachc ; they r/»r 
against opposing promontories, as in the valley of Hasli •, they make deep channels 
or flutings in the trough of the valley, as at Pont Pelissier, near Chamouni ; and as 
at Fee, in the Valley of Saas. At the same time these appearances have a superior 
limit, above which the craggy angular forms ore almost exclusively seen, where the 
phenomena of wearing and grooving entirely disappear. In short,” adds Professor 
Forbes, “it would be quite impossible to find in the Alps, or clscw^herc, these 
phenomena (except only the high polish which the rocks here do not admit of) in 
greater perfection than in the Valley of Coruisk.’* Other evidence of the like kind is 
also adduced. 

Mr. Darwin, in his “ Notes on the effects produced by the ancient Glacicts of 
Caernarvonshire, and on the boulders transported by floating Ice” (Philosophical 
Magazine, 1842, vol. xxi., p. 180), after mentioning the labours of Dr. Buckland, on 
the same country, and that Mr. Trimmer had first noticetl (“ Proceedings of the 
Geological Society,” vol. i., p. .T12, 18.31) the scoring and scruUdiiiig of rocks in North 
Wales, adduces additional evideuco of glacial action in that district, lie observes 
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this period has been variously estimated. Mr. Darwin infers, from 
a large greenstone boulder on Ashley Ilc&th, Staffordshire, at 803 
feet above the sea, and apparently derived from Wales, a consider- 
able depression of England beneath the sea, and that Scotland, from 
other data, must have been submerged 1,300 feet.* Looking at 
the heights to which gravels extend in Wales, often apparently the 
remains of masses of coast shingles and sand, a like, if not a greater 
depression bcncatli the present sea level would be there required. 
In Ireland, we find large blocks of granite sometimes perched on 
the heights, amid grooves and furrows on the surface of the rocks 
beneath, at altitudes of 1,000 feet and more. In some cases we 
almost seem to have before us a portion of the very blocks which 
scratched and scored the subjacent rock-surfaces.t 

Erratic blocks, occasionally of considerable magnitude, arc 
found, in some localities, at various elevations above rocks of their 
kind, and from which they arc considered to have been detached. 
Although it is obvious that each fragment, so detached, has deprived 
the mass of rock whence it has been derived, of so much of its 
volume, and perhaps also of its height, as regards elevation above 


that, “ within the central valleys of Snowdonia, the boulders appear to belong entirely 
to the rocks of the country. May we not conjecture,” he continues, “ that the ice- 
bergs, grating over the surface, and being lifted up and down with the tides, shattered 
and pounded the soft slate rocks, in the same manner as they seem to have contorted 
the sedimentary beds of the cast coast of England (as shown by Mr. Lyell) and of 
Tierra del Fuego ? ” ♦ ♦ ♦ The drifting to and fro and grinding of numerous 
icebergs during long periods near successive uprising coast lines, the bottom being 
often stirred up, and fragments of rocks dropped on it, will account for the sloping 
panes of unstratified till, occasionally associated with beds of sand and gravel, which 
fringes to the W'est and north the great Caernarvonshire mountains.” Mr. Darwin 
further remarks (p. 186), as not “ probable, from the low level of the chalk formation 
in Great Britain, that rounded chalk flints could often have fallen on the surface of 
glaciers, even in the coldest times, I infer, therefore," he continues, “ that such 
pebbles were probably enclosed by the freezing of the water on the ancient sea-coasts. 
We have, however, the clearest proofs of the existence of glaciers in this country, 
and it appears that, when the land stood at a lower level, some of the glaciers, as in 
Nant Francon, reached the sea, where icebergs charged with fragments would 
occasionally bo found. By this means we may suppose the great angular blocks of 
Welsh rocks, scattered over the central counties of England, were transported.” 
The deposits of this date in Ireland have occupied the attention of several geologists, 
among whom may be mentioned, Mr. Weaver, Mr. Griffith, Colonel Portlock, 
Mr. Trimmer, Professor Oldham, Mr. Bryce, Dr. Lloyd, Mr. Hamilton, and Dr. 
Scoulcr. 

♦ Philosophical Magazine, 1842, vol. xxi., p. 186. 

t Although in several parts of Ireland the facts relating to the transjmrt of erratic 
blocks con be well studied, and the altitudes at w’hich they and the smoothing and 
scratching of surface rocks are found well observed, there are few places where the 
latter can be seen in greater perfection tliau the beautiful neighbourhood of Glen- 
gariff, county Cork. The sc(»ring and rounding of the sides and bottom of the valley 
from the lower part of the domesiie of GlongarilF to Bantry Bay, and thence to the 
southward, in the direction of Cape Clear, are particularly worthy of attentive study. 
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the sea level, and consequently that if multitudes have been thus 
detached, previous heights, composed of such rocks, may have been 
much reduced by the loss thus sustained, there are instances where 
it would not appear a sufficient explanation to infer that a transport 
of erratic blocks had been eflFected by ice in such a manner, that, 
while higher portions of the parent rock floated away at the 
required levels, the remaining lower portions were denuded, in 
the usual manner, as the land emerged. To account for such 
instances, Mr. Darwin considers that we should regard the probable 
eflPects of submerging land, where coast ice could be formed, upon 
blocks of rock which may have been ice-transported to its shores. 
He points out that erratic blocks and other portions of the beaches 
of such shores might gradually be raised as the land became sub- 
merged, so that finally coast detritus, including the blocks of rocks 
ice-transported from various distances, would be elevated to heights 
above that at which it was accumulated or stranded. Blocks, with 
other coast firagments and shingle, would thus, when the land again 
emerged from beneath the sea, be found raised above the level at 
which the remains of their parent rocks are now foimd.* 

Eespecting the erratic blocks of the Alps, and of the adjoining 
countries, a large mass of information has been collected.t The 
mam fact of the blocks and associated minor detritus having been 
transported from the higher Alpine mountains outwards on both 
sides the main ranges, showing that the cause of their dispersion 
had been in the Alps themselves, forms the base of the chief 
modem hypotheses coimected with the subject, whether tho 
sudden melting of snows and glaciers by the heat and vapours 
accompanying the last elevation experienced in these mountains,]: 


♦ Darwin, “ On the Transportal of Erratic Boulders from a Lower to a Higher 
Level.” — Journal of the Geological Society, 1849, vol. v. Mr. Darwin remarks that 
the fragments of rock ** from being repeatedly caught in the ice and stranded with 
violence, and from being every summer exposed to common littoral action, will 
generally be much worn ; and from being driven over rocky shoals, probably often 
scored. From the ice not being thick, they will, if not drifted out to sea, be landed in 
shallow places, and from the packing of the ice, bo sometimes driven high up the 
beach, or even left perched on ledges of rock.” 

t A valuable summary of the labours of geologists on this subject will be found in 
the ^ Histoire des Progrra de la Geologic, de 1834 k 1845,” tom. ii., chap. 5, by the 
Vicomte d’Archiac. Appended to it is a list of the publications which may advan- 
tageously be consulted. 

X As regards the transport of blocks of rock by the sudden melting of snow from 
the escape of gases rising through fissures during the elevation of mountain chains, 
the observer will find the subject carefully treated in the “Note relative a Tunc des 
causes prcsumables des phenomcnes erratiques,* by illic de Beaumont (Bulletin de 
la Socicte Geologique de France, t. iv. p. 1334, 1817^. On the supposed heat of the 
gases required for the melting of the snow, M* Elic de Beaumont remarks, after 



Ch. XIV.] COAST-ICE DURING SUBMERGENCE OF LAND. 


278 


the former great extension of Alpine glaciers, or the latter com- 
bined with a considerable submergence of land, so that the sea 
entered many of the valleys of the Alps, coast ice being possibly 
also produced. 

Von Buch, De Luc, Escher, J!lie de Beaumont, and other 
geologists, long since pointed out that, from the mode of occur- 
rence of the Alpine erratic blocks, the great valleys of the Alps 
existed prior to their dispersion, and much observation has been 
directed to the sources whence particular kinds of blocks have 
been derived,* The magnitude of the blocks on both sides of the 
Alps, in connection with the distances they must have travelled 
from their parent rocks, has also long engaged attention. The 
Pierre d Bot^ above Neuchatel, and represented beneath ( fig. 102),t 
affords a good example of an erratic block, perched on the side of 



noticing many circumstances bearing on the subject, that “ it is unnecessary to attri- 
bute to the gaseous current, considere{i to have been disengaged from fissures in the 
ground, a temperature higher than that needed to overcome the atmospheric pressure. 
Little would be gained by giving this current a very high temperature.*’ . . . 

“ The hypothesis which admits the (rratic tfuiw to have been produced by vapours of 
moderate temperature, appears to me,” he continues, ‘‘ also that according to which 
nature would have worked with the minimum loss of heat.” 

* With reference to the mode of distribution of the erratic blocks in the basin of the 
Rhone, as also to the kinds of rocks so distributed, M. Guyot has remarked (Bulletin 
de la Soc. des Sciences de Neuchatel, 1846, Archives de Geneve, Sept., 1847) : — 

1. That a kind of rock which is abundant in one part of the basin, is rare, or 
absent, in another. 

2. That the blocks of different kinds, commencing with the locality of their origin, 
form parallel series, preserved in the plain ; blocks of the right side of the valley 
keeping to the right, of the left side to the left, while those of the centre preserve 
their central position. 

3. That groups composed of a single kind of rock, to the exclusion of others, are 
here and there found in the midst of various rocks. 

These views M. Guyot considers as borne out by numerous facts, and he infers 
that the blocks have been distributed by glaciers in the manner in which similar 
blocks now are by the moraines t)f actual Alpine glaciers. He states that similar 
facts are observable in the valleys of the Rheuss and Rhine. 

t Taken from a view in the “Travels in the Alps of Savoy,” &c., by Prof. 
James Forbes, 2nd edition. 

T 
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the Jura, far distant from its source. This granite mass is 
estimated as containing about 40,000 cubic feet, and considered to 
have been transported 22 leagues from the crest of the FoUaterres 
on the north of Martigny.* The blocks on the Jura have always 
attracted much attention from the circumstance that they must have 
been transported over the great valley of Switzerland, intervening 
between that range and the Alps. The blocks on the Chasseron 
are estimated as rising to the height of about 3,600 feett On the 
southern side of the Alps striking masses of erratic blocks are to be 
seen in the vicinity of the Lakes of Como and Lecco. They will 
be found high up the northern side of Monte San Primo, a moun- 
tain well separated from the high Alps by the intervening Lake 
of Como. The following (fig. 103) is a section of this mountain, 
showing the manner in which the erratic blocks rest upon it. 


Fig. 103. 

r 



P, Monte San Primo ; B, bluff point of Bcllaggio, rising out 
of the Lake of Como, C; aaaa^ blocks of granite, gneiss, &c., 
scattered over the surface of the limestone rocks, lllly and the 
dolomite ddd, V, the Commune di Villa, where a previously- 
existing depression has been nearly filled with transported blocks 
and minor detritus. On the north side of the Alpi di Pravolta, E, 
the block represented beneath, (fig. 104), is seen, one however not 

Fig. 104. 



♦ M. d’Archiac remarks (‘‘Histoire des Progrw de la Geologic t. ii., p. 249), that 
granite and gneiss generally form the blocks of the largest size. “ A block of granite, 
on the calcareous mountain near Orsieres, contains more than 100,000 cubic feet! 
Above Monthey, many blocks derived from the Val de Ferret, and which have thus 
travelled a distance not less than 11 leagues, contain from 8,000 to 50,000 ancU 60,000 
cubic feet.'* . . . “The blocks of talcose granite of Steinhof; near Seeberg, one of 
which measures 61,000 cubic feet, has travelled about 60 leagues.” 

Considering the 40,000 cubic feet supposed to be contained in the Fierre a Bat, as 
French measure it would weigh about 3,000 tons, 
t Keeker, “ Etudes Gdologiques dans les Alps,” vol. i. Paris, 1841. 
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SO remarkable for size, as for showing the little attrition it could 
have suflPered during its transport from the higher Alps to its pre- 
sent position. 

A large amount of information has been obtained respecting the 
distribution of erratic blocks in Northern Europe, and the sources 
in Scandinavia whence they have been detached.* The area over 
which they have been so distributed has been shown in a map by 
Sir Eoderick Murchison, M. de Verneuil, and Count Keyserling,f 
the boundary line exhibiting the southern and eastern limits of the 
erratic blocks extending from Prussia, to Voroneje, in Eussia, and 
thence northwards to the Gulf of Tcheskaia, on the North Sea. 
It is remarked that from the German Ocean and Hamburg on the 
west, to the White Sea on the east, an area of 2000 miles long, 
varying in width from 400 to 800 miles (which may, perhaps, be 
roughly estimated at about 1,200,000 square miles), is more or less 
covered by loose detritus, amid which there are blocks of great size, 
the whole derived from the Scahdinavian mountains. 

While regarding the kind and extent of country thus more or 
less covered with erratic blocks, and the position which the Scandi- 
navian mountains would occupy relatively to a large submerged 
area, the opinion that glaciers, icebergs (detached from them), 
and coast ice, may have been the chief means of dispersing the 
blocks and other detritus from a large isolated region, as that of 
Scandinavia would then be, appears far from improbable. Careful 
examination of the Scandinavian region itself shows that the 
whole land has been elevated above the present level of the adjoin- 
ing seas in comparatively recent geological times, and there has 
been found a scoring of subjacent rocks, and dispersion of blocks 
outwards from it, according with this view.J 

* The obeerver would do well to consult the Rapport sur un Memoire de 
M. Durocher, entituled “ Observations sur le Phenomene Diluvien dans le Nord de 
r Europe,” by M. Elie de Beaumont (Comptes Rendus, tom. xiv., p. 78, 1842), where- 
in on excellent summary and general view of the subject, including the marking of 
subjacent rocks, up to the date of the observations, will be found. He should like- 
wise consult the Geology of Russia in Europe and the Ural Mountains,” 1845, by 
Sir Roderick Murchison, M. de Verneuil, and Count Keyserling; cliapter xx., 
Scandinavian Drift and Erratic Blocks in Russia ; and chapter xxi., Drift and Erratic 
Blocks of Scandinavia, and Abrasion and Striation of Rocks ; and also the Histoire 
des Progres de la Geologie de 1834 a 1845,” tom. ii., premiere partie, Terrain Quater- 
naire ou Diluvien. Formation erratique du Nord de T Europe. Paris, 1818. Not- 
withstanding the title, this valuable work contains information up to the date of 
publication. A most excellent and impartial summary of the labours relating to this 
subject, with original observations, will be found in this * History.’ 

t Geology of Russia in Europe and the Ural Mountains,” 1845. 

^ M. Daubree states (Comptes Rendus, vol. xvi., 1843), that the traces of transport 
of detritus and of friction diverge from the high regions precisely as in the Alps. 
This was observed up to an elevation of 3,800 feet (English). M. de Bdhilingk 
(PoggendorfTs Annalen, 1841,) states that Scandinavian blocks have been transported 
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In the region occupied by these erratic blocks, ridges of them 
and other detrital matter have been observed to run in lines, often 
for considerable distances. These are commonly known as skars, or 
osara.* Count Easoumouski would appear (in 1819) to have been 
among the first to remark upon those in Eussia and Germany, 
observing that they usually occurred in lines having a direction 
from N.E. to S.W. M. Brongiiiart pointed out (in 1828), that 
those of Sweden, though sometimes inosculating, took a general 
direction from north to south.t Much discussion has arisen 
respecting the origin of these lines of accumulation. Upon tlie 
supposition that lines of blocks may have been accumulated by 
glaciers, and the drift of iceberg and coast ice in particular direc- 
tions, and that upon the uprise of such lines of deposits, breaker 
action had been brought to bear upon them for a time, we sliould 
expect very complicated evidence. 

In Northern America erratic blocks are found to occupy a large 
area, some being strewed as far south as 40^ N. latitude. Here, as 
in Northern Europe, the general drift of detritus appears to be from 
the northward to the southward, and blocks perched at various 
altitudes, scored and scratched surfaces of‘ subjacent rocks, and 
bsars or lines of accumulation J occur in the same manner. Such 
similar effects point to similar causes, and hence the explanations 


from the coast of Kemi into the Bay of Onega, and from Russian Lapland into the 
Icy Sea, that is, in northerly, north-westerly, and north-easterly directions, as quoted 
also in the “ Geology of Russia,"’ vol. i., p. 528. 

♦ It is worthy of remark that similar accumulations of this date, iu Ireland, are 
known as Escars. 

t “ Annales des Sciences Naturelles,” 1828. M. d’ Archiac observes (“ Histoire des 
Progres de la Geologic,” 1848, tom. ii., p. 36,) that “ the form of the dsars, their dis- 
position, and their parallelism with the furrows and scratches of erosion, naturally 
lead to the idea of a current which has swept the southern part of Sweden from 
N.N.E. to S.S.W. M. Durocher has found, with M. Sefstrbm, that the osars w’cre 
heaped up on the southern side of the mountains w^hich, in that direction, opposed 
their course. The tisars in Finland, though less marked, have a direction from 
N. 25° W. to S. 25° E., one which, with the preceding, represents the radii of the 
semicircle in which the great erratic block deposit of Central Europe occurs ” 

In the “ Geology of Russia in Europe and the Ural Mountains ” will be found the 
views of its authors respecting skars or dsars. A figure is given of an iceberg aground, 
and the consequences of its melting stated, lines of angular and rounded blocks being 
strewed, as the ice dissolved, by a current acting constantly in one direction. 

X An interesting account of two remarkable trains of angular erratic blocks in 
Berkshire, Massachusetts, is given by Professors Henry and William Rogers, in the 
Boston Journal of Natural History,” June, 1846. These two trains, one extending 
for 20 miles, both previously noticed by Dr. Reid and Professor Hitchcock, were 
traced to their sources. The blocks are generally large, the smaller being several 
feet in diameter. One weighs about 2,000 tons. The blocks gradually decrease in 
size to the S.E., those which have travelled farthest being the most worn. They are 
stated not to mingle with the general drift beneath them, the boulders and pebbles in 
which bear “ the traces of a long-continued and violent rubbing.” “ Other long and 
narrow lines of huge erratic fragments are seen elsewhere in Berkshire, and abound, 
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offered have been of a similar general character.* A large amount 
of information has also been collected respecting the occurrence of 
these blocks, and of the polishing and scoring of subjacent rocks.t 
It is stated that the divergenc-e ol any blocks, such, for example, 
as those of the Alps, is not observed in the United States. Pro- 
fessor Henry Eogers points out that the scorings do not radiate 
from the high grounds; but that, amid the mountains of New 
England and in the great plains of the west, and in Pennsylvania, 
Vermont, and Massachusetts, they preserve a south-east direction 
at all their elevations ; the lower parts of the great valleys being 
alone excepted. In the mountainous portions of the region, the 
heiglits and flanks exposed to the north and north-west are the 
most polished and scored. Blocks of* large size have been f‘ound in 
New England, New York, and Pennsylvania, from 1,000 to 1,500 
feet above the sea. 

Erratic blocks are also found in South America. Mr. Darwin 
discovered them up the Santa Cruz river, Patagonia, in about 
50^ 10' S. latitude, and at about 07 miles Irom the nearest Cordillera. 
Nearer the mountains (at 55 miles) they became “extraordinarily 
numerous.” One square block of chloride schist measured 5 yards 
on each side, and projected 5 feet above the ground ; another, more 
rounded, measured 60 feet in circumference. “There were innu- 
merable other fragments from 2 to 4 feet square. The great 
plain on which they stood was 1,400 feet above the sea, sloping 
gradually to sea cliffs of* about 800 feet in height. Other boulders 
were found upon a plain, above another, elevated 440 feet, through 


wc think, in nearly all the mountainous districts of New England. One such train, 
originating apparently in the i.ennox ridge, about two miles on the south of Pitts- 
field, crosses the Housatonic Valley, south-easterly, as far at least as the foot of the 
broad chain of hills in Washington. Some very extensive ones are to be seen on the 
western side of the White Mountains. 

♦ These will be found in the works and memoirs of Hitchcock, Mather, Emmons, 
Hall, Rogers, Hubbart, Redfield, Jackson, Christy, Ch. Marlins, and other geologists. 

t We are indebted to Dr. Bigsby for an early notice of the erratic blocks of North 
America.— (Trans. Geol. Soc., London, vol. i., second series.) 

In 1833, Professor Hitchcock (“ Report on the Geology of Massachusetts,” art. Dilu- 
vium,) adduced abundant evidence of the northern origin of these blocks in the 
districts described by him. The like was also done at an early date for other portions 
of North America, by Messrs. Lapham, Jackson, Alger, and others. The observer 
will find an able summary of the facts known in 1846, on tliis subject, in Professor 
Hitchcock’s Address to a meeting of the Association of American Geologists in that 
year. Professor Henry Rogeis also treated in a general manner of the American 
erratic blocks in his Address to the same scientific body in 1844, (American Journal 
of Science, vol. xlvii.) Another general summary, up to 1848, is given by the 
Vicomte d’Archiac, (“ Histoire des Progres de la Geologie,” tom. ii., cliap. 9, Terrain 
Quaternaire de I’Ame'riquc du Nord). 

t Darwin, “ On the Distribution of Erratic BouMers, and on the Contemporaneous 
TTnstratificd Deposits of South America.'*— Geol. Trans., second scries, vol. vi. p. 415. 
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which the same river flows, and at 800 feet above the sea. In the 
valley of the Santa Cruz, and at 30 or 40 miles from the Cordillera, 
(the highest parts in this latitude rise to about 6,400 feet,) blocks of 
granite, syenite, and conglomerate, not found in the more elevated 
plains, were detected. Mr. Darwin infers that these are not the 
wreck of those observed on the liigher plain, but that they have 
been subsequently transported from the Cordillera. He had not 
opportunities of observing other erratic blocks in Patagonia, but 
refers to the great fragments of rocks noticed by Captain King on 
the surface of Cape Gregory, a headland, about 800 feet high, on 
the northern shore of the Strait of Magellan. Mr. Darwin also 
describes rock fragments of various dimensions and kinds in Tierra 
del Fuego and the Strait of Magellan, amid stratified and un- 
stratified accumulations of a similar general character to those of 
this geological date in Europe.* Many of the erratic blocks are 
large, one at St. Sebastian’s Bay, east coast of Tierra del Fuego, 
was 47 feet in circumference, and projected 5 feet from the sand 
beach. The general drift of these deposits is considered to be from 
the westward, the manner in which the transported fragments of 
rock would be carried by a current similar to that which sweeps 
against the present land. On the north of Cape Virgins, close out- 
side the Strait of Magellan, the imbedded fragments are considered 
to have been transported 120 geographical miles or more from the 
west and south-west. On the northern and eastern coasts of the 
Island of Chiloe, extending from 43° 26', to 41° 46' S. latitude, 
Mr. Darwin detected an abundance of granite and syenite boulders, 
from the beach to a height of 200 feet on the land. He infers that 
these boulders have travelled more than 40 miles from the Cordillera 
on the east.t 

* At Elizabeth Island, Strait of Magellan, there occurs, “ fine-grained, earthy or 
argillaceous sandstone, in veiy thin, horizontal, and sometimes inclined laminee, and 
often associated with curved layers of gravel. On the borders, however, of the east- 
ward part of the Strait of Magellan, this fine-grained formation often passes into, and 
alternates with, great un stratified beds, either of an earthy consistence and whitish 
colour, or of a dark colour and of a consistence like hardened coarse-grained mud, 
with the particles not separated according to their size. These beds contain angular 
and rounded fragments of various kinds of rock, together with great boulders.*’— 
Geol. Trans., second series, vol. vi., p. 418. Variations of these accumulations are 
noticed as occurring in other places, and two sections of contorted and confused beds 
at Gregory Bay are given, and Mr. Darwin infers that this disturbance may have been 
produced by grounded icebergs. 

t “ The larger boulders were quite angular.” . . . “ One mass of granite at Chacao 
was a rectangular oblong, measuring 15 feet by 1 1 feet, and 9 feet high. Another, on 
the north shore of Lemuy islet, was pentagonal, quite angular, and 11 feet on each 
side; it projected about 12 feet above the sand, with one point 16 feet high: this 
fragment of rock almost equals the larger blocks on the Jura.”— Geol. Trans., second 
series, vol. vi., p. 425. 



CHAPTER XV. 

MOLLUSC REMAINS IN SUPERFICIAL DETRITUS. — ARCTIC SHELLS FOUND IN 
BRITISH DEPOSITS. — EVIDENCE OF A COLDER CLIMATE IN BRITAIN. — 
EXTINCT SIBERIAN ELEPHANT. — CHANGES OP LAND AND SEA IN NORTH- 
ERN EUROPE. EXTINCTION OF THE GREAT NORTHERN MAMMALS. — RANGE 

OF THE MAMMOTH. — FROZEN SOIL OF SIBERIA. 

Upon the supposition of the submergence of a large portion of 
the present dry land of Northern Europe, Asia, and America, 
beneath seas upon which ice was formed, and into which glaciers 
protruded in lower latitudes than at present, we should expect to 
discover in the marine deposits of these regions, and of‘ the period 
now upraised into the atmosphere, evidences of the marine animal 
life of the time having corresponded with the low temperature to 
which it was then exposed. This evidence is considered to have 
been found. 

As regards the British Islands, Mr. Trimmer pointed out, in 
1831, that amid the detrital accumulation referred to this date, and 
at a considerable height above the sea (since ascertained to be 1,392 
feet), upon Moel Trefan (one of the hills on the outskirts of the 
chief Caernarvonshire mountains), fragments of Buocinum^ Venus^ 
Natica, and Turbo of existing species were found. He also stated 
that on the flanks of the Snowdonian mountains, and between them 
and the adjoining sea, in the Menai Straits, there were large 
accumulations of boulders and fragments derived from a distance, 
(among them chalk flints,) mingled with others of* a local kind. 
Mr. Trimmer subsequently (1838) published a more general state- 
ment on the same subject, noticing various localities where he and 
others had found shells, of a similar character, in deposits referred 
to this date.* 

* The first communication was made to the Geological Society of London (Pro- 
ceedings of that Society, vol. i.) ; the second to the Geological Society of Dublin, in 
a memoir, in two parts, entitled, “ On the Diluvial or Northern Drift on the Eastern 
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Commenting on the facts observed by Mr. Trimmer on Moel 
Trefan, Sir Eoderick Murchison (in 1832) inferred from the 
previous discovery of shells of existing species in the Lancashire 
gravels and sands by Mr, Gilbertson, one which he was enabled to 
confirm from actual observation, and from finding similar accumu- 
lations over a large tract of country, that the materials of the ancient 
shore of Lancashire and of the estuary of the Kibble, were deposited 
during a long protracted period, and “ were elevated and laid dry 
after the creation of many of the existing species of molluscs.”* 
Numerous facts of the like kind were noticed by different observers ;t 
but the inference as to a temperature less at that geological time 
than at present, as shown by the remains of molluscs, does not 
appear to have taken a distinct form until Mr. Smith, of Jordan 
Hill, published his views on the subject in 1839.J He discovered 
shells in places where their animals had lived and died, in the 
counties of Lanark, Renfrew, and Dumbarton, and hence inferred 
their entombment by depression, a half-tide deposit being converted 
into one in a deeper sea. From these and other researches, Mr. 
Smith obtained a mass of evidence wliich led him to conclude, fiom 
the remains of the molluscs discovered in deposits of* this date in 
different localities, that the climate of the British Islands had then 
been colder than it now i^ more especially as Arctic molluscs, not 


and Western side of the Cambrian Chain, and its Connexion with a similar Deposit 
on the Eastern side of Ireland, at Bray, Howth, and Glenismaule.”— (Journal of the 
Geological Society of Dublin.) Mr. Trimmer mentions that, prior to his discovery of 
the shells on Mod Trefan, Mr. Gilbertson had found shells of existing species in 
gravel and sand near Preston, Lancashire, and that Mr. Underwood had observed 
furrows and scratches on the suiface of rocks laid bare among the Snowdonian moun- 
tains, when the great road from Bangor to Shrewsbury was in progress. 

* Address, as President, to the Geological Society of London, Februaiy^ 1832. — 
Proceedings of that Society, vol. i, p. 366. 

t Among the observations of the time, and as important for the locality noticed, 
should be mentioned those of Sir Philip Egerton, “ On a Bed of Gravel containing 
Marine Shells, of recent Species, at Wellington, Cheshire” (Proceedings of the 
Geological Society, vol. ii., p. 18'J, April 1835). Sir Philip notices the remains of 
Turritdla terehra, Cardium edule, and Murex arenaceus^ and infers that there had been 
an alteration of 7U feet in the level of land and sea, as regards the locality, since the 
deposit was formed. In 1837, Mr. Strickland (“ On the Nature and Origin of the 
various kinds of transported Gravel occurring in England,” read at the British 
Association in that year) took a general view of the stratified and unstratified cha- 
racter of these deposits, and divided them into — 1. Murine drifts formed when the 
central portions of England were under the sea; and, 2. Flvviatile drifts when they 
were above its level, forming dry land, the first composed of (a) erratic ^^raveJ, 
without chalk flints ; (6) erratic gravel, with chalk flints ; and (c) local, or non- 
erratic gravel. 

I “On the late Changes of the relative Levels of the Land and Sea in tlie British 
Islands” (Memoirs of the Wernerian Natural History Society, l^'.dinburgh, vol. viii., 
p. 49, &c.) In this memoir Mr. Smith most carefully cites all those who had previously 
discovered facts relating to the subject, giving an account of these facts. 
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now found round the British coasts, were obtained from these 
accumulations.* 

Professor Edward Forbes, in 1846, availing himself of the 
information then existing, and of his own researches on the same 
subject, pointed out that the total number of species of molluscs 
discovered in the deposits of the British area, and referred to this 
geological time, was about 124, all, with a few exceptions, now 
existing in the seas around the British Islands, and yet indicating 
by their mode of assemblage a colder state of the area than at 
present, t While carefully noticing the error which might arise 


* Alluding to the researches of M. Deshayes, to whom the unknown shells dis- 
covered were transmitted, and who stated that those still found recent, but not in the 
British seas, occur in northern latitudes, Mr. Smith remarks that this view confirmed 
that which he had previously entertained from finding many of the shells common 
with those obtainefl by Sir Charles Lyell, at Uddevalla, in Sweden, and figured by 
him (Phil. Trans., 1835) ; from having been informed by the same geologist that the 
Ftisus Peruvianus still inhabited the Arctic seas; and from Mr. Gray (of the British 
Museum) having, from a cursory examination of the shells discovered, remarked that 
they had all the appearance of Arctic shells. Mr. Smith adds, In the Clyde-raised 
deposits, shells common to Britain and the northern parts of Europe occur in much 
greater abundance than they do at present. The Pecten Islandicus, which has pro- 
bably entirely disappeared, and the Cyprina Islandim^ which, if found recent in the 
Clyde, is extremely rare, are amongst the most common of the fossil species.” Most 
valuable catalogues are appended to the memoir of Mr. Smith, consisting of lists of 
recent shells in the basin of the Clyde and north coast of Ireland (including land and 
fresh-water shells) ; of shells from the newer Pliocene deposits of the British Islands 
(also including land and fresh-water shells) ; and of recent species (then new) from 
the Firth of Clyde. 

t Professor E. Forbes, On the Connexion between the distribution of the existing 
Fauna and Flora of the British Isles, and the Geological Changes which have atfected 
their Area during the Period of the Northern Drift” (Memoirs of the Geological 
Survey of Great Britain, vol. i., p. 367, &c.). The Professor observes that, “as a 
whole, this fauna is very unprolific, both as to species and individuals, when compared 
with the preceding molluscan fauna of the red and coralline crags, or that now 
inhabiting our seas and shores. This comparative deficiency depends not on an 
imperfect state of our knowledge of the fossils in the glacial formations— on that 
point we now have ample evidence — but on some difiereuce in the climatal conditions 
prevailing when those beds were deposited. Such a deficiency in species and indivi- 
duals of the testaceous forms of mollusca, indicates to the marine zoologist the pro- 
bability of a state of climate colder than that prevailing in the same area at present. 
Thus the existing fauna of the Arctic seas includes a much smaller number of 
testaceous molluscs than those of Mid-European seas, and the number of testacea in 
the latter is much less than in South-European and Mediterranean regions. It is not 
the latitude, but the temperature which determines these ilitferences.” “ That the 
climate,” he subsequently observes, “ under which the glacial animals lived, w^as 
colder, is borne out by an examination of the species themselves. We find the entire 
assemblage made up, 1st, of species (25) now living throughout the Celtic region in 
common with the northern seas, and scarcely ranging south of the British Isles; 2nd, 
of species (24) which range far south into the Lusitanian and Mediterranean regions, 
but which are most prolific in the Celtic and northern seas ; 3rd, of species (13) still 
existing in the British seas, but confined to the northern portion of them, and most 
increasing in abundance of individuals as they approach towards the Arctic circle ; 
4th, of species (16) now known living only in European seas, north of Britain, or in 
the seas of Greenland and Boreal America; 5th, of species (6) not now known existing. 
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from neglecting the occurrence of species at different depths in the 
sea, he observes, that among those found in these deposits, and in 
situations where they must have lived and died, there are shells, 
such as the lAUorince^ the Purpura^ the Patella, and the Lacunoe^ 
“ genera and species definitely indicating, not merely shallow 
water, but, in the three first instances, a coast line.”* 

Taking a general view of' the flora of the British Islands, and of 
the probable sources whence its parts have been derived, Professor 
Edward Forbes has inferred that a portion was obtained from 
northern regions when the higher parts of these islands were alone 
above the sea, at a time corresponding with that when the marine 
molluscs living in the seas around them were of the character 
above noticed, and when the climate was colder than it now is, the 
evidence of the land flora thus corroborating that afforded by the 
remains of the marine molluscs. Under such conditions he infers 
that plants of a subarctic character would flourish to the water s 
edge.” The whole area being subsequently upraised, in the 
manner above noticed, the previous islands would become moim- 
tain heights, and the plants, uplifted with them, not being 
deprived of the climatal conditions fitted for them, continued to 
flourish and be distributed as we now find them.f 


and unknown fossil in previous deposits. Two other species, from southern deposits 
in Ireland, were, one the same as one ( Turritella bwrassatd) still existing in the ^uth' 
European, though not in the British seas, and the other ( Tomatella jiyramidata) 
extinct, but found fossil in the crag.” Professor E. Forbes remarks, that it is “of 
consequence to note the fact that the species most abundant and generally diffused in 
the drift are essentially northern forms, such as Agtarte elliptica, comprenaa, and 
borealis, Cyprina communis, Leda rostrata and minuta, Tellina calcarea, Modiola rii/- 
yaris, Fusus hamfius and scalariformis, Littorina: and Lacunce, Natica clausa and 
Buednum undatum; and even Saxicava rvyosa and Turritella terebra, though widely 
distributed, are much more characteristic of North-European than of Southern seas.” 

♦ “ Memoirs of the Geological Survey of Great Britain,” vol. i., p. 370. The Pro- 
fessor adds, “ a most important fact, too, is that among the species of Littorina, a 
genus, all the forms of which live only at water-mark, or between tides, is the Littorina 
expansa, one of the forms now extinct in the British, but still surviving in the 
Arctic Seas.” 

t “ Memoirs of the Geological Survey,” vol. i. Professor E. Forbes divides the 
general flora into five parts, “ four of which are restricted to definite provinces, whilst 
the fifth, besides exclusively claiming a great part of the area, overspreads and com- 
mingles with all the others.” With regard to his general view, the Professor takes, 
as his main position, that “ the specific identity, to any extent, of the flora and fauna 
of one area with those of another, depends on both areas forming, or having formed, 
part of the same specific centre, or on their having derived their animal and vegetable 
population by transmission, through migration, over continuous or closely-contiguous 
land, aided, iu the case of Alpine floras, by transportation on floating masses of ice.” 
As respects the vegetation to which reference is made in the text. Professor £. Forbes 
observes, “The summits of our British Alps have always yielded to the botanist a rich 
harvest of plants which he could not meet with elsewhere among these islands. The 
species of these mountain plants are most numerous on the Scotch mountains— com- 
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As confirming his views respecting the effect of great cold at 
this period upon the marine molluscs in the seas aroimd the British 
Islands, Professor E. Forbes found, while dredging, that there 
were depressions off the coasts in which molluscs of Arctic cha- 
racter still remained, as if imprisoned in cavities during the 
general rise of the sea-bottom, so that while their germs still found 
the needful conditions for their development in such depressions, 
when they passed beyond them, they perished. 

Quitting the minor area of the British Islands, and extending 
our views to the great region ranging from Scandinavia eastward 
along Northern Asia to Behring’s Straits, we should, in the higher 
latitudes, expect no great aid, as regards evidences of a colder 
climate having more prevailed at that geological time than at 
present, from the remains of marine molluscs entombed amid 
detritus,* or from the existing flora there found. Under the 
hypothesis of a depression of land, accompanied by increased cold, 
it is not difficult to conceive that the marine fauna and terrestrial 
flora of the region became adjusted to the conditions obtaining at 
the different times, the one accommodating itself to the new shores, 
the other creeping to the proper grounds, as the sea-bottom 
changed and the general temperature became lowered or elevated. 
The discovery, however, of large animals entire in ice, or frozen 
mud or sand, with their flesh and hair preserved, in high northern 
latitudes, and of kinds not now existing there, has been considered 
as affording somewliat of the evidence required. 

It is now about half a century since that the body of an elephant, 
of a species not now living, but the remains of which are widely 


paratively few on more southern ridges, such as those of Cumberland and Wales. 
But the species found on the latter are all, with a single exception (Lloydia serotind), 
inhabitants also of the Highlands of Scotland ; whilst the Alpine plants of the Scotch 
mountains are all, in like manner, identical with the plants of more northern ranges, 
as the Scandinavian Alps, where, however, there are species associated with them 
which have not appeared in our country.” 

* The well-known mass of shells at Uddevalla, in Sweden, raised to the height of 
216 feet above the level of the sea, and beneath part of which M. Alexandre Brong- 
niart long since found Balani still adhering to the supporting gneiss rocks on which 
they grew (“ Tableau des Terrains que compose I’Ecorce du (i lobe,” p. 89), is described 
as composed of species still existing in the neighbouring seas. A list of these shells 
was given by M. Hisingcr, ** Esquisse d’uii Tableau des Petrifactions de la Svede,” 
od. 2me, Stockholm, 1831. Professor E. Forbes has pointed out that this accumula- 
tion of shells was noticed by Linnssus in 1747, and that the species discovered by him 
are now known as Balanua Scoticus, Saxicava rugosa or sulcata^ Mya arenaria, Littorina 
littoreoj Mytilus edulis, Fums Bcalariformis, Pecten Islandicus, Fusus antiquus, and 
Balanus sulcatus. In 1806, the Uddevalla shells, and others of existing species, raised 
above the present level of the sea in Norway, were observed by Von Buch. They 
were also described by Sir Charles Lyell, in his account of the rise of land in Sweden, 
** Philosophical Transactions,” 1835. 
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dispersed amid the later geological accumulations of the northern 
portions of the northern hemisphere, — its flesh so fresh that bears 
and wolves devoured it, — was found frozen in 70^ N, latitude, 
near the embouchure of the Lena in Siberia.* The body of a rhi- 
noceros also, of a species now extinct, whose hard remains are also 
discovered in somewhat similar positions, had been obtained in the 
state of a mummy by Pallas thirty years previously, in latitude 
64^ N., from the banks of the Wiljue, which falls into the Lena, 
the carcase smelling like putrid flesh, the hair still partly on the 
body. These discoveries long since led to speculations respecting 
a cliange of climate in Siberia, one suddenly destroying the animals 
mentioned by cold, so that their carcases were preserved. Pro- 
fessor Playfair (in 1802) would appear to have been the first to 
infer that the elephants and rhinoceroses of Siberia, now extinct, 
may have been fitted for a cold climate, though the elephants of 
the present day inhabit regions of a higher temperature, and that 
“they may have migrated with the seasons, and by that means have 
avoided the rigorous winters of the high latitudes. He also con- 
sidered that they miglit have lived farther to the south than the 
localities where their remains are now found, and “ among the 
valleys between the gi’cat ranges of mountains that bound Siberia 
on that side.” Sir Charles Lyell, in 1835, took a similar but more 
extended view of the subjeetj Adverting to the mode of* occur- 
rence of the abundant remains of elephants in the deposits of 
Siberia, — an abundance so great that a trade in their tusks for 
ivory has long been established, § — to the deposits themselves in 
wliich they are discovered having been formed beneath the sea, 
since they contain the remains of marine shells ; and to a slow up- 
heaval of the borders of the Icy Sea, as is now taking place, he con- 
sidered that a considerable change in the physical geography of' the 


♦ Mr. Adams, who carefully preserved what remained of this animal, relates that it 
was first observed as a shapeless mass by Schumakof, a Tungusian chief, and owner 
of the peninsula of Tamset, in 17119; that this ice-covered mass fell upon the sand in 
1803, and that, in the next year, the chief cut off the tusks, the fossil ivory, if it may 
from its comparative freshness be so termed, found in these regions, being an article 
of commerce. Mr. Adams, visiting the spot two years afterwards, obtained the 
skeleton, still in part covered by the fleshy remains, with portions of its hair, which, 
together with the tusks, subsequently purchased, is now preserved in tlie Museum at 
St. Petersburg ; and a description is given of it in the “ Memoirs of the Imperial 
Academy of Sciences,” vol. v., of which a translation was published, with a figure, in 
London, in 1819. 

t Playfair’s “ Illustrations of the lluttoiiian Theory,” Edinburgh, 1802. 

X “ Principles of Geology,” 4th edition, 1«1.5. 

^ This fossil ivory is still imported from Russia into Liverpool, where it finds “ a 
ready sale to comb-makers and other workers in ivory.”~Owcn, “ History of British 
Fossil Mammals,” p. 249. 
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whole region had been effected, a great increase of land northwards 
being the result of a long-continued and slow uprise of land and 
sea-bottom. He inferred a general decrease of temperature, so that 
the elephants and rhinoceroses, though they may have been fitted 
to live in colder regions than any of the kinds now existing, 
gradually perished. 

Sir Eoderick Murchison and his colleagues, in the examination 
of the geology of Russia and the Ural Mountains, adopted similar 
general views, inferring that the Ural, Altai, and neighbouring 
regions of Siberia, were above the sea when these great mammals 
existed, and that they lived in herds adjacent to lakes and 
estuaries,* * * § into and down which their remains were swept. It 
would appear, especially by the researches of M. Middendorf, that 
the shells found with these remains are of kinds now existing in 
the seas of the region, so that the molluscs of that time and the 
neighbouring seas have not been exposed to conditions effecting 
their destruction. M. Middendorf also mentions, that in 1843, 
the carcase ol‘ an elephant was found in the Tas, between the Oby 
and Yenesci, in about latitude G6° 30' N., ‘‘with some parts of 
tlie flesh in so perfect a state, that the bulb of the eye is now 
preserved in the Museum of Moscow. Sir Roderick Murchison, 
M. de Verneuil, and Count Keyserling also remark, when describing 
the range and boundaries of the erratic blocks of Russia, that the 
area of the districts of Perm, Viatka, and Orenburg, was probably 
“ above the waters and inhabited by mammoths at this period. 

With regard to the probable habits and food of the elephant 
{Elephas primigenius) and the rhinoceros (JB. tichorJiinm), the 
researches of Professor Owen have shown, § that on physiological 


* “ Geology of Russia in Europe and the Ural Mountains,” vol. i., p. 500. 

f The discoveries of M. Middendorf, of 1843, were communicated to Sir Charles 
I.yell in 184G (“ Principles of Geology,” 7th edition, 1847). ‘‘ Another carcase, together 
with another individual of the same species, was met with in the same year (1843), in 
latitude 75*^ 15' N., near the river Taimyr, with the flesh decayed. It was embedded 
in strata of clay and sand, with erratic blocks, at about 15 feet above the level of the 
sea. In the same deposit, M. Middendorf discovered the trunk of a larch tree (Pinvs 
larix)^ the same wood as that now carried dowm in abundance by the Taimyr to the 
Arctic Sea. There were also associated fossil shells of ///■/«// northern species, and 
which are moreover characteristic of the drift, or yl<icial dejxjsits of Europe. Among 
these Nucula pygnuxa^ TelUna calcarea^ Mya tmneata and Scuiacuva ruyosa^ were con- 
spicuous.” — Lyell’s Principles, 7th edition, p. 83. 

X Alluding to their map, it is further observed that this probably happened, “ when 
the erratic blocks were transported over the adjacent north-western line marked in 
the map, as the extreme boundary of the granitic erratics, which were, we believe, 
stranded on or near the shelving shore of this ancient land.”— Geology of Russia, 
vol. i., p. .522. 

§ “ History of British Fossil Mammals and Birds,” 184G. To the previous inference 
that the elephant, from its warm, w oolly, and liair)’ coot, w'as an animal fitted to live 
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grounds the Elephas pnmigmim would have found the requisite 
means of subsistence at the present day, and at all seasons in the 
sixtieth parallel of latitude,” so that by adopting, with Professor 
Playfair and Sir Charles Lyell, the inference that this animal 
migrated northwards during the warmer parts of the year, as 
many northern mammals now do, the mammoth, as that kind of 
extinct elephant has been termed, would have lived easily on the 
land considered to have been above water at this period. The 
Professor adds, ‘"in making such excursions during the heat of 
that brief season (the northern summer), the mammoths would be 
arrested in their northern progress by a condition to which the 
rein-deer and musk-ox are not subject, viz., the limits of arboreal 
vegetation, which, however, as represented by the diminutive 
shrubs of Polar lands, would allow them to reach the seventieth 
degree of latitude.” With regard to the liabits and food of the 
two-homed rhinoceros,* found frozen in Siberia, the inferences do 
not appear so clear as for the mammoth. From the greater 
amount of hair found on the extinct and frozen rliinoceros, noticed 
by Pallas, than upon existing rhinoceroses, he seems to have 
concluded that it might have lived in the temperate regions of 
Asia. Professor Owen remarks that, “although the molar teeth 
of the Rhinoceros ticJwrhinm present a specific modification of 
structure, it is not such as to support the inference that it could 


in a cold climate (the skin of the carcase from the Lena, and the ground on which it 
fell, affording many pounds weight of reddish wool and coarse long black hairs), 
Professor Owen showed that its teeth especially were adapted for the apparently cold 
climate in which its remains have been so abundantly detected. “ The molar teeth of 
elephants possess,” observes the Professor, “ a highly-complicated, and a very peculiar 
structure, and there are no other quadrupeds that derive so great a proportion of their 
food from the woody fibre of the branches of trees. Many mammals browse the 
leaves ; some small rodents gnaw the bark ; the elephants alone tear down and crunch 
the branches, the vertical enamel-plates of their huge grinders enabling them to 
pound the tough vegetable tissue and fit it for deglutition. No doubt tlie foliage is 
the more tempting, as it is the most succulent part of the boughs devoured ; but the 
relation of the complex molars to the comminution of the coarser vegetable substance 
is unmistakeable. Now, if we find in an extinct elephant the same peculiar principle 
of construction in the molar teeth, but with augmented complexity, arising from a 
greater number of triturating plates, and a greater proportion of ^le dense enamel, 
the inference is plain that the ligneous fibre must have entered in a larger proportion 
into the food of such extinct species. Forests of liardy trees and shrubs still grow 
upon the frozen soil of Siberia, and skirt the banks of the Lena as far north as latitude 
60°. In Europe arboreal vegetation extends ten degrees nearer the pole ; and the 
dental organization of the mammoth proves that it might have derived subsistence 
from the leafless branches of trees, in regions covered during a part of the year with 
snow.**— p. 267. 

The horns of this rhinoceros have been ascertained to have been of large size. 
One of the horns of an individual, probably the front or nasal horn, in the Museum at 
Moscow, measures, according to Professor Owen, nearly three feet in length. 
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have better dispensed with succulent vegetable food than its 
existing congeners; and we must suppose, therefore, that the 
well-clothed individuals who might extend their wanderings 
northwards during a brief but hot Siberian summer, would ^ 
compelled to migrate southward to obtain their subsistence during 
winter.”* 

Considering the general evidence thus adduced as to the climate 
of Northern Europe at this geological time, we have to suppose a 
considerable depression of a large area beneath the level of the 
Atlantic ; an increase of cold, causing glaciers to descend into the 
sea in Scandinavia, and even in the British Islands; a great 
increase, if not extension into the sea, of the glaciers of the Alps, 
icebergs and coast ice distributing masses and minor fragments of 
rocks over a considerable European area, as also the shingles of 
beaches, sand, and mud, accompanied by the transported remains 
of terrestrial and marine creatures, and a movement of land plants, 
with terrestrial and marine animals, in accordance with the low 
temperature then existing. The amount of land rising above the 
sea, prior to the inferred depression, is uncertain. It may have 
been more or less than that which we now find, though deposits of 
varied thickness were accumulated at this time, and now constitute 
a part of‘ the dry land of Europe, and probably also a portion of 
the bottom of the adjoining seas. 

Eespecting the great mammals, the carcases of which have been 
so well preserved in Siberia, and admitting, with Professor Owen, 
their perfect fitness to have lived in a climate such as that at 
present found in Northern Europe and Asia, up to a high latitude, 
we have to consider that at the time of* greater cold, their food 
being adjusted to it, their range, even in tin' summer season, would 
be more limited northward, not only by any coasts which might 
then be thrown back by the depression beneath the sea level, but 
also by the supposed decreased temperature. The great rivers, 
flowing northward, would, as Humboldt, Sir Charles LyeU, and 
Sir Roderick Murchison have pointed out, be then under similar 
conditions to the present, their embouchures exposed to lower 
temperatures than their courses in more temperate regions, such 
courses, though somewhat shorter, being still liable, as now, to be 
blocked up by ice at their mouths. In such a state of things there 
is little difficulty in inferring that the elephants and rhinoceroses 
lived, as they are supposed to have done, in a climate of low 


♦ “ History of British Fossil Mammals and Birds,” 1846, p. 353. 
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temperature, and that their remains were buried in the detritus 
accumulated in lakes and at the embouchures of the northern 
rivers of the time, numerous carcases being washed out to sea and 
preserved amid ice, or frozen mud and sand, among deposits con- 
taining the remains of marine molluscs, such as are now living in 
the adjoining Arctic sea. 

The cause of the extinction of the great mammals mentioned 
requires much consideration, and a careful observation of the facts 
connected with the entombment and preservation of tlieir remains. 
Humboldt has remarked that the low temperature at present 
experienced across Poland and Eussia to the Ural mountains, “ is 
to be sought in the form of the continent being gradually less 
intersected, and becoming more compact and extended, — in the 
increasing distance from the sea, — and in the feebler influence of' 
westerly winds. Beyond the Ural, westerly winds blowing over 
wide expanses of land, covered during several months with ice and 
snow, become cold land winds. It is to such circumstances of 
configuration and of atmospheric currents that the cold of Western 
Siberia is due.”* By the immersion of the present dry land to 
the extent supposed, t unaccompanied by the general decrease of' 
temperature inferred in Northern Europe, there might, no doubt, 
be reason to expect that such northern portions of European and 
Asiatic Eussia as were above water would have a higher tempera- 
ture than at present, but how far this would be met by such a 
decrease of the present temperature of Scandinavia, the British 
Isles, and a portion of Central Europe, that glaciers descended to 
the then sea level, it is more difficult to infer. Because icebergs 
may have floated from Scandinavia, and have become stranded on 
the shores of the. districts of Perm, Viatka, and Orenburg, and 
thence along the line pointed out by Sir Eoderick Murchison, 
M. de Vemeuil, and Count Kcyserling to the westward, it is not 
a necessary inference that the temperature of those regions, 
making every allowance for the influence of multitudes of icebergs 
at certain seasons, had been very low, more than that the tempera- 
ture of Newfoundland should be that of Greenland and Baffin’s Bay, 
whence the icebergs stranded near it are derived. Even supposing 
that as the land rose the temperature of Siberia became such as we 
now find it, it does not seem to follow, judging from the researches 


* Cosmos, 7th Edit. (Sahine’s Translation), vol. i., p. 323. 

t The observer would do well to refer to the map given by the authors of the 
Geology of Russia in Europe and the Ural, for the area bounding the occurence of 
erratic blocks. 
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and reasoning of Professor Owen, that the mammoths necessarily 
perished from cold or the want of food.* Assuming that the great 
cold was unfavourable to their continuance in Siberia, that the 
country towards the mountains on the south was equally so to 
their habits, and that thus they may have been there extirpated, 
the same reasoning does not seem to apply so well to the districts 
on the west of the Ural, 

It is now well known that the mammoths must once have ex- 
isted widely spread over the northern portions of Europe, Asia, and 
America ; whence the inference, on the hypothesis that they all pro- 
ceeded from a common stock, or centre, that they spread themselves 
over continuous portions of land, dry for the time, however now 
separated they may be by seas. Their remains are not uncommon 
in Great Britain, though less so apparently in Ireland, and Professor 
Owen has pointed out the connection of these Islands with Europe 
when these and other contemporary animals passed into them.f The 


* On this subject Professor Owen remarks, that “ with regard to the geographical 
range of the Elephas primigenius into temperate latitudes, the distribution of its fossil 
remains teaches that it reached the fortieth degree north of the equator. History, in 
like manner, records that the rein-deer had formerly a more extensive distribution 
in the temperate latitudes of Europe than it now enjoys. The hairy covering of the 
mammoth concurs, however, with the localities of its most abundant remains, in 
showing that, like the rein-deer, the northern extreme of the temperate zone was its 
metropolis. Attempts have been made to account for the extinction of the race of 
northern elephants by alterations in the climate of their hemisphere, or by violent 
geological catastroxihes, and the like extraneous causes. When we seek to apply the 
same hypothesis to explain the apparently contemporaneous extinction of the gigantic 
leaf-eating megatheria of South America, the geological phenomena of that continent 
appear to negative the occurrence of such destructive changes. Our comparatively 
brief experience of the progress and duration of species within the historical period, 
is surely insufficient to justify, in every case of extinction, the verdict of violent 
death. With regard to many of the larger mammnlio, especially those which have 
passed away from the American and Australian continents, the absence of sufficient 
signs of extrinsic extirpating change or convulsion, makes it almost as reasonable to 
speculate with Brocchi, on the possibility that species, like individuals, may have had 
tie cause of their death inherent in their original constitution, independently of 
changes in the external world, and that the term ot their existence, or the period of 
exhaustion of the prolific force, may have been ordained from the commencement of 
each species.” — History of British Fossil Mammals and Birds, p. 269. 

f “History of British Fossil Mammals and B;rds,” 1846, Introduction, p. xxxvi. 
“ If,” Professor Owen observes, “ we regard Great Britain in connection with the 
rest of Europe, and if we extend our view of the geograpliical distribution of extinct 
mammals beyond the limits of technical geography, — and it needs but a glance at the 
map to detect the artificial character of the line which divides Europe from Asia,-— w e 
shall there find a close and interesting correspondence between the extinct Kuropspo- 
Asiatic Mammalian Fauna of the pliocene period and that of the present day. The 
very fact of the pliocene fossil mammalia of England being almost as rich in generic 
and specific forms as those of Europe, leads, as already stated, to the inference Hiat 
the intersecting branch of the ocean which now divides this island from the continent 
did not then exist as a barrier to the migration of the mastodons, mammoths, rhino- 
ceroses, hippopotamuses, bisons, oxen, horses, tigers, hyaenas, bears, &c., which have 
left such abundant traces of their former existence in the superficial deposits and 
caves of Great Britain.” 
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depth of Behring’s Straits is comparatively trifling, varying from 
132 to 192 feet, so that we feel little surprise in finding at Esch- 
scholtz Bay, in about 66° 20' N. on the North American shores, 
inside the Straits, the remains of the Elephaa primigenim, asso- 
ciated with the bones of the urus, deer, horse, and musk ox, in a 
cliflf* about 90 feet high, extending about 2J miles in length. These 
remains were first noticed by Dr. Eschscholtz (during Kotzebue’s 
voyage), in 1816, and the bones were supposed to be imbedded in 
ice; but the observations of Captain Beechey’s party, in 1826, 
showed that the ice was merely superficial, arising from the freez- 
ing of water descending over the face of the cliff, and that the 
remains of these mammals were really imbedded in a deposit of 
clay and fine quartzose and micaceous sand. A smell, as of‘ heated 
bones, was observed where the animal remains abounded.* 

This facing of ice having been thus deceptive. Dr. Buckland 
was led to inferj that there also might have been ’some error 
respecting the elephant of the Lena having really been encased in 
ice, and not in mud, the face of which was covered by ice, as at 
Eschscholtz Bay. Correct observations respecting the mode of 
occurrence of the animals preserved in a comparatively fresh state, 
with their fleshy portions in part or wholly remaining, are some- 
what important, inasmuch as, if found in ice, we have to infer 
either that such ice had always remained unthawed in the atmo- 
sphere (at least so far as the portions enveloping the animals were 
concerned), from the time when these mammals were encased in it 
to the present time, or that it became depressed beneath detrital 
accumulations of the period, and also remained unthawed, until 
the whole being elevated again into the atmosphere, it became, with 
the accumulations among which it had been buried, exposed to the 
climatal and denuding conditions of the present day. Though 
there would be difficulty in submerging ice, from its specific 
gravity, beneath water, and especially sea-water, unless sufficiently 
well loaded with detritus to render this of the proper kind, it may 
readily happen that, in very cold climates, coast-ice may be 
anchored, so to speak, in such a manner, by penetrating amid 
shingles, sand, or mud beneath, that it could be covered over in 
part, or in thickness, according to variations in seasons, by detrital 
matter, so as to be in the condition to descend, thus covered over, 
to those depths where it could remain unthawed, with any animals 

* “Beechey’s Voyage to the Paci6c and Behring’s Straits.” The bones were 
examined, and the animals to which they belonged were determined, by Dr. Buckland. 

t Ibid. 
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entombed in it. Indeed, certain facts noticed by travellers and 
voyagers in the Arctic regions would lead us to infer that this 
might be the case, and accounts are given of beds of actual ice 
being found beneath detrital deposits in those regions.* Descended 
to a proper depth beneath the surface, but not sufEeient to bring it 
within the influence of the heat found to exist beneath certain 
depths in different parts of the globe, ice might remain there, only 
to be thawed by a great increase in the temperatui’e of the general 
climate, or by being again elevated, with a sufficient denudation of 
protecting detritus, so that the heat of the atmosphere in summer 
would dissolve it, and disclose any animal remains which may have 
been therein preserved. At the same time, mud and silt, into 
which the bodies of such animals as the elephants and rhinoceroses, 
above noticed, may have been borne during floods, could readily 
have become frozen, and covered with other detritus, and thus 
descending, have retained, from what we learn of the depth to 
which the frozen ground extends in Siberia — a depth apparently 
very different from that found in North America, in the same lati- 
tudes — the remains of the animals in as fresh a state as when first 
embedded in them, to a level, beneath that of the sea, of* 400 feet, if 
the cold approached that now experienced in northern Siberia. t 


* M. Middendorf informed Sir Charles Lyell,that in 184a, “he had bored in Siberia 
to the depth of 70 feet, and, after passing through much frozen soil mixed with ice, 
had come down upon a solid mass of pure transparent ice, the thickness of w'hich, 
after penetrating two or three yards, they did not ascertain.” — Principles of Geology, 
7th Edition, p. 86. 

+ The depth to which frozen mud and sand could descend in these regions, without 
being thawed by the influence of terrestrial heat beneath, w^ould appear from the 
information of M. Ilelmersen (“Observations on a Pit sunk at Jakoutsk,” Ann. des 
Mines de Kussie, vol. v , 1838), to be between 300 ami UX) feet. On the 25th April, 1837, 
the temperature of the bottom, 378 (English) feet deep, w^as 31® *1, the strata on the 
sides of the pit at 75 feet being 21® *2 Fahr. The accumulations passed through w ere 
composed of clay, sand, and lignite, mixed with ice. 

Some experiments made by M. Middendorf, as reported to the Academy of Sciences 
of St. Petersburg in 1844, showed that, in a shaft and the galleries of some works 
near the Lena, and at a depth of 384 (English) feet, the frozen crust was still not 
passed through, though a marked gradual increase of temperature was observed in the 
descent. While, in one series of experiments, a thermometer, in the ground, 7 feet 
from the surface, gave on the 25tli March, — 1® Fahr., the temperature gradually 
advanced to 26® *6 Fahr. According to M. Erman (“ Proceedings of the Academy of 
Sciences at St. Petersburg,” 1838), the depth of ground thawed in September, 1838, 
in Northern Siberia, was 4 feet 8 inches in woody tracts, and 6 feet 8 inches in the 
marshy situations. 

From Sir John Richardson having found the depth of the frozen ground not to 
exceed 26 feet at Fort Simpson, on the Mackenzie, a station in the same latitude as 
Jakoutsk (62® N.), M. d’Archiac has inferred (“ Histoire desProgres de le Geologie,” 
vol. i , p. 88), that the cold must be far more intense in Northern Asia than in North 
America, at these high latitudes. Under this view, the bodies of animals could now 
be preserved in Northern Siberia, by descending and ascending land, which could not 
be so preserved in North America. 
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OSSIFEROUS CAVERNS AND BRECCIA.— FORMER CONNEXION OF BRITAIN 
WITH THE CONTINENT.— MAMMOTH REMAINS FOUND IN BRITISH SEAS.— 
OSSIFEROUS CAVE OF KIRKDALE.— MUD IN OSSIFEROUS CAVES.— GENERAL 
STATE OF OSSIFEROUS CAVERNS.— HUMAN REMAINS IN PAVILAND CAVE.— 
CAVES FORMERLY DENS OF CERTAIN EXTINCT CARNIVORA.— HUMAN RE- 
MAINS IN OSSIFEROUS CAVERNS. — COMPLICATED ACCUMULATIONS IN 
CERTAIN CAVES.— PEBBLES IN OSSIFEROUS CAVES.— DEPOSITS IN SUBTER- 
RANEAN RIVER CHANNELS.— OSSEOUS BRECCIA IN FISSURES.— CHANGES 
IN THE ENTRANCES OF CAVES.— OCCURRENCE OF MASTODON REMAINS.— 
ASSOCIATION WITH THOSE OF THE MAMMOTH.— EXTINCT MAMMALS OF 
CENTRAL FRANCE. 

The bodies of elephants and rhinoceroses being found so well 
preserved in Siberia,— and nowhere, as has often been remarked, 
are the remains of the JEkphas primigmius more abundant than in 
the lowlands, adjoining the icy sea of Northern Asia,*— it is 
desirable to consider the remains of the same kinds of elephant 
and rhinoceros, with those of contemporary mammals, found 
embedded amid accumulations in caves and clefts of rock. The 
connection of the British Islands with the continent of Europe and 


♦ Dr. Mantell states (“ Wonders of Geology vol. i., p. 148, 6th Edition, 1848) that, 
a company of merchants having been formed in 1844, to collect fossil ivory in 
Siberia, sixteen thousand pounds of jaws and tusks of mammoths were obtained 
daring the year, and these were sold at St. Petersburg, under the denomination of 
Siberian ivory, at prices from 30 to 100 per cent, above those of recent elephantine 
ivory. 

From the researches of M. Hedenstrtim, multitudes of the remains of elephants, 
rhinoceroses, oxen, and other mammalia, occur in the frozen ground between the 
Lena and the Kolima, and he mentions that one of the i^ands of New Siberia, or the 
Liakhor Islands, in the Arctic Ocean, off the coast of Siberia, between thb embou- 
chures of the Lena and Indigirka, is composed of little else than a mass of mammoth 
bones, which baa been worked for many years by the traders for the fossil ivory it 
yields. 

This statement is confirmed by those of other travellers. The high preservation of 
fossil ivory is not confined to Siberia. Mr. Bald mentions (Wernerian Transactions, 
vol. iv.) that tusks found between Edinburgh and Falkirk were made into chessmen. 
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Asia has been above noticed (p. 289), as needed for the migration 
of the Elephas primigmius and Rhinoceros tichorhinus into the 
former, the remains of these mammals so occurring as to leave no 
room for doubting, that the animals themselves here found the 
conditions fitted for their existence and increase.* The observer 
has carefully to weigh the evidence afforded as to the precise geo- 
logical period when these great mammals thus prospered upon 
lands now divided from the continent by sea, which it would 

* Respecting the mammals existing at this time in the area of the British Islands, 
Professor Owen remarks, (“ History of British Fossil Mammals”“7?rfr(K/«dio»,) after 
noticing the probable disappearance of the mastodon from it, that “ gigantic elephants 
of nearly twice the bulk of the largest individuals that now exist in Ceylon and 
Africa, roamed here in herds, if we may judge from the abundance of their remains. 
Two-homed rhinoceroses, of at least two species, forced their way through the ancient 
forests, or wallowed in the swamps. The lakes and rivers were tenanted by hippo- 
potamuses as bulky and with as formidable tusks as those of Africa. Three kinds of 
wild oxen, two of which were of colossal size and strength, and one of these maned 
and villous like the bonassus, found subsistence in the plains. Deer, as gigantic in 
proportion to existing species, were the contemporaries of the old Uri and Bhontea, 
and may have disputed with them the pasturage of that ancient land ; one of these 
extinct deer is well-known under the name of the * Irish Elk,’ from the enormous 
expanse of its broad-palmed antlers [the Professor states elsewhere, Hist. Brit. Foss. 
Mammals, p. 467, that the remains of this animal have been found in the ossiferous 
cavern of Kent’s Hole, Devon] ; another had horns more like that of the wapiti, but 
surpassed that great Canadian deer in bulk ; a third extinct species more resembled 
the Indian hippelaphus ; and ’rith these were associated the red-deer, the rein-deer, 
the roebuck, and the goat. A wild horse, a wild ass or quagga, and the wild boar, 
entered also into the series of British pliocene hoofed mammalia. 

“ The carnivora, organized to enjoy a life of rapine at the expense of the vegetable- 
feeders, to restrain their undue increase, and abridge the pangs of the maimed and 
sickly, were duly adjusted in numbers, size, and ferocity to the fell task assigned to 
them in the organic economy of the pre-Adamitic world. Besides a British tiger of 
larger size, and with proportionally larger paws than that of Bengal, there existed a 
stranger feline animal ( Machairodti^ of equal size, which, from the great length and 
sharpuess of its sabre-shaped canines, was probably the most ferocious and destructive 
of its peculiarly carnivorous family. Of the smaller felines, we recognise the remains 
of a leopard, or large lynx, and of a wild cat. 

“ Troops of hysenas, larger than the fierce crocuta of South AMca, which they most 
resembled, crunched the bones of the carcases relinquished by the nobler beasts of 
prey; and, doubtless, often thwnselves waged the war of destruction on the feebler 
quadrupeds. A savage bear, surpassing in size the IJrsus ferox of the Rocky Mountains, 
found its hiding-place, like the hyaena, in many of the existing limestone caverns of 
England. With the Ursus spelceuswas associated another bear, more like the common 
European species, but larger than the present individuals of the Ursus Arctos, 
Wolves and foxes, the badger, the otter, the foumart, and the stoat, complete the 
category of the pliocene carnivora of Britain. 

Bats, moles, and shrews were then, as now, the forms that preyed upon the 
insect world in this island. Good evidence of a fossil hedgehog has not yet been 
obtained; but the remains of an extinct insectivore of equal size, and with closer 
affinities to the mole-tribe, have been discovered in a pliocene formation in Norfolk. 
Two kinds of beaver, hares and rabbits, water-voles, and field-voles, rats and mice, 
richly represented the Rodent order. The greater beaver {Trogontherium) and the tail- 
less hare {Lagomt/s) were the only sub-generic forms, perhaps the only species, of the 
pliocene Glires that have not been recognized as existing in Britain within the 
historic period. The newer tertiary seas were tenanted by cetacea, either generically 
or specifically identical with those that are now taken or cast upon our shores.” 
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appear scarcely probable they safely crossed, either by will or 
accident. The geological time when the needful connection was 
formed between the British Islands and the continent of Europe, 
so that these and other contemporary mammals freely roamed from 
the one part of a general area to the other, is, therefore, a matter 
of no slight interest. 

It has to be borne in mind that, during any modified distribution 
of land and sea formerly existing, by which deposits were accumu- 
lated, and tlie carcases of animals were floated out to sea, or swept 
into fresh-water lakes, so that their harder parts became embedded 
in calcareous matter, mud, silt, or gravel, the lighter portions of 
the accumulation, amid which they were entombed, would, as now 
in the German Ocean and some other parts of the sea adjacent to 
the British Islands, be liable to be washed off, cither at the proper 
depths beneath the surface of the sea by the action of' the wind- 
waves, or on the shores by the breakers, when changes of level of 
the sea and land so took place that this action could be experienced. 
Tusks, teeth, and the bones of the JElephas primigenim have thus 
been fished up by the trawlers and dredgers on the south-east of* 
England, and in a state sometimes showing little marks of attrition, 
bearing more the appearance of having been mei-ely relieved, by 
the wave action, of the mud, silt, or sand which once enveloped 
them.* Supposing the elephants and rhinoceroses, with other 


* Professor Owen, in his ‘‘ History of British Fossil Mammals,” mentions (p. 246), 
that most of the largest and best-preserved tusks of the British mammoth, have 
been dredged up from submarine drift near the coasts. In 1827, an enormous tusk 
was landed at lUirasgate ; although the hollow-implanted base was wanting, it still 
measured nine feet iu length, and its greatest diameter was eight inches ; the outer 
crust was decomposed into thin layers, and the interior portion liad been reduced to 
a soft substance resembling putty. A tusk, likewise much decayed, w’hich was 
dredged up off Dungeness, measured 1 1 feet in length ; and yielded some pieces of 
ivory fit for manufacture. Captain Byam Martin, w'ho has recorded this and other 
discoveries of remains of tlic mammoth in the British Channel (Geological Transac- 
tions, second series, vol. vi., p. 161), procured a section of ivory near the alveolar 
cavity of the Dungeness tusk, of an oval form, measuring HI inches in circumference. 

A tusk dredged up from the Goodwin Sands, w’hich measured 6 feet 6 inches in 
length, probably belonged to a female mammoth.” * ♦ This tusk was sent to a 
cutler at Canterbury, by whom it was sawed into five sections, but the interior was 
found to be fossilized and unfit for use.” * ♦ “The tusks of tlie extinct elephant, 
which have reposed for thousands of years in the bed of the ocean which w'ashes the 
shore of Britain, are not alw^ays so altered by time and the action of surrounding 
ijifluences, as to be unfit for the purposes to which recent ivory is applied.” Mr. 
Charlesworth, after mentioning tliat a large lower jaw' of a mammoth, of which lie 
gives a figure (** Magazine of Natural History, new- series,” vol. iii., p. 348, 183U), iiad 
been dredged up off the Dogger Bank, in 1837, and quoting Mr. Woodward (“ Geology 
of Norfolk”), as stating that more tlian 2,000 elephants* teeth had been dredged up otf 
Hasbro*, on the Norfolk coast, in 13 years, relates that a mammotli’s tusk, droilgod up 
by some Yarmouth fishermen off Scarborough, about 1836, was so slightly altered in 
character, that it was sawn up into as many pieces os there were men in the boat, each 
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contemporary animals, the remains of which are found with those 
of these mammals, to have been spread over the land prior to the 
great depression, accompanied by increased cold, as above noticed, 
and that they gradually retreated before the advance of the sea, 
diminishing the amount of low ground, the original connection 
between the British Islands And the land of the continent may 
have more resembled that shown as the boundary of the 600 feet 
depth, (figs. 65 and 102,) than that which we now find. In such 
a state of this part of Europe there would be an ample area of 
continuous dry land for the range of the elephants, rhinoceroses, 
and their contemporary, but the now extinct, species of hippo- 
potamus, oxen, deer, tiger, leopard, hyaena, bear, and other 
mammals. Accumulations of bones could readily, as the land 
became depressed, be washed out of any lacustrine or flu via tile 
accumulations amid wliich they might have been embedded, and 
be mingled with marine remains of the gradually-encroaching 
seas, sometimes being worn and re-embedded in gravel, at others 
less mutilated, or even uninjured, amid more tranquilly-formed 
deposits. Occasionally some, or portions, of the original lacustrine 
or fluviatile deposits, containing remains of these animals, may 
never have been disturbed to any great extent, so that the deposits 
and the included bones became covered by the marine accumu- 
lations of the time.* 


claiming his share of the ivory. One portion was preserved in the collection of 
]Mr. Fitch, of Norwich. A large humerus was, in 1837, trawled up in mid-channel 
between Dover and Calais, in 120 feet water. A large femur was also found while 
trawling, about half-way between Yarmouth and Holland in 150 feet water, and the 
lower jaw of a young animal was dredged up off the Dogger Bank. Other instances 
of elephant remains, brought up from the sea-bottom off the English coasts are also 
known. A tusk of the Hippopotamus major was dredged up from the oyster-bed at 
Happisburgh. 

* Professor Owen (“ Hist. Brit. Fossil Mammals.” p. 347), quotes a notice in a 
Cambridge paper of 26th February, 1845, in which mention is made of high tides 
having much uncovered the lignite beds at the base of the cliffs near Cromer, Norfolk, 
and that among the fossil remains of that bed, the lower jaw of a rhinoceros, with 
seven molar teeth in good preservation, together with the molars of the elephant, 
hippopotamus, and beaver were discovered. The jaw was examined by Professor 
Ow'en, and ascertained to have belonged to a young JihinfM ^ros tichorhinus. 

Mr. Strickland pointed out, in 1834 (“ Account of Land and Fresh- water Shells found 
associated with the Bones of Land Quadrupeds beneath diluvial gravel, at Cropthom, 
Worcestershire,” Proceedings Geol. Soc, vol. ii., p. Ill), that “a layer of fine sand, 
containing 23 species of land and fresh-water shells, with fragments, more or less 
rolled, of bones of the hippopotamus, bos, cervus, ursus, and cards,” reposes on the 
lias clay of that district. Professor Owen adds the mammoth and urus to this 
catalogue (“ Hist. Brit. Fossil Mammals,” p, 258). “ The sand passes upwards gradually 
into gravel, which extends to the surface, and differs in no respect from the other 
gravel of the neighbourhood, being composed principally of pebbles of brown quartz, 
but occasionally containing chalk flints, and fragments of lias ammonites and 
gryphites. The bones, though most abundant in the sand, are interspersed also in the 
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Upon the hypothesis, that these animals could have spread under 
such conditions, and prior to the submergence previously noticed, 
a time would come when the depression of the old land would be 
such, that, as regards the British Islands, no sufficient or fitting 
dry land would be found for them, supposing that the diminished 
temperature did not destroy them/ While assuming that such 
may have been the conditions in this particular case, it by no 
means follows, with submerging dry land over a large portion of 
Europe, that abundant space was not left, even in Northern Asia, 
for the existence and increase of the Elephas primigmius and the 
Bhinoceroa tichorhinm. The land may not have experienced a 
contemporaneous depression, or, if so, not one cutting oflf all the 
needful feeding-grounds for the support of these mammals. Thus, 
in several parts of Europe, when the sea-bottom emerged, — the 
former land, variously modified during its submersion, coated 
more or less with the detritus drifted over and thrown down upon 
it, and embedding the remains of such animals as perished during 
the submergence, there might be many sources whence the 
elephants, rhinoceroses, and other contemporary animals, could 
spread over the new land as the fitting conditions obtained. It is 
not difficult to conceive that these mammals may thus have 
revisited the area of the British Islands, again connected with the 
main land, so that their remains may be found in lacustrine and 
fiuviatile deposits above the marine accumulations formed during 
the interv^al of depression.* As there is evidence in Western 
Europe of oscillations, as regards the relative level of sea and land, 
in the more recent geological time, requiring much attention on 
the part of the observer, he will have carefully to consider their 

gravel ; but the shells are confined to the sand.’’ Two of tlie species of shells were 
considered to be extinct. From the fiuviatile habits of some of tliese molluscs, 
Mr. Strickland inferred, that the deposit occupies the site of an ancient river bed 
He at the same time pointed out **the greater change which has taken place in the 
mammifers of this island than in the molluscs, since the era when the gravel was 
accumulated; and the little variation which the climate appears to have undergone 
since the same epoch.” He also adverted to similar deposits, previously known at 
North Cliff, Yorkshire, Market Weighton, and at Copford, near Colchester. 

The section given by Sir Roderick Murchison, M. de Vemeuil, and Count Keyser- 
ling C* Geology of Russia in Europe and of the Urals,” vol., i. p. fjOi), would appear 
to show, that as respects a part of Russia, and beneath a covering of ^*clay drift, con- 
taining numerous bones and teeth of the mammoth, 50 feet thick,” there wao^a band 
of finely-laminated sand, full of shells, specifically identical with those which inhabit 
the adjacent river Don.” The sand reposes upon a tertiary limestone. 

* Localities are mentioned where, in the British Islands, bones of these and of con- 
temporary mammals have been found entombed in fiuviatile or lacustrine deposits, 
supposed to be above the accumulations referred to the period when erratic blocks 
and other ice-traiiBi)orted detritus were strewed over the sea-bottom in this part of 
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influence on the spread of mammals, such as those under consider- 
ation. Assuming, however, only one submersion sufficient to 
disconnect the British Islands, followed by an elevation restoring 
the connection, it would be inferred that lacustrine and fiuviatile 
accumulations would be the highest amid which we should expect 
to discover the remains of the Elephaa primigeniui and his con- 
temporary mammals, partly extinct, partly now existing. 

Amid any changes arising from the depression and elevation of 
land and adjacent sea-bottoms, should animals have lived in caves, 
carrying in their prey, should they had been carnivorous, or have 
fallen into fissures in the manner previously mentioned (p. 118), 
their remains, so preserved, would appear the most safe from re- 
arrangement by waves, tidal streams, or ocean currents. Though 
the bones of extinct bears and other animals found in caves had pre- 
viously attracted much attention, it was from the discovery of 
the remains of mammals in a cavern at Kirkdale, in Yorkshire, in 
1821, and from the descriptions of all the circumstances attending 
the mode of occurrence of these remains, and of the condition of 
the cavern itself', subsequently given by Dr. Buckland, who visited 
the spot a few months only after the discovery, that ossiferous 
caves attained a new interest. This cave was found by cutting 
back a quarry, as many others have also been. Its greatest length 
was found to be 245 feet, and its height generally so inconsider- 
able, that in two or three situations only could a man stand 
upright. The following (fig. 105) is the section of it, as given 
by Dr. Buckland — a, a, a, a, being horizontal beds of limestone, 
in which the cave occurs; J, stalagmite incrust- Fig. 105. 
ing some of the bones, and formed before the 
mud was introduced ; c, bed of mud contain- 
ing the bones ; t/, stalagmite formed since the 
introduction of the mud, and spreading over 
its surface ; e, insulated stalagmite on the mud ; 

/, /, stalactites depending from the roof. “ The 
surface of the sediment when the cave was 11 t 
opened was nearly smooth and level, except lii those parts where its 
regularity had been broken by the accumulation of stalagmite, or 
ruffled by the dripping of water ; its substance was an argillaceous 
and slightly-micaceous loam, composed of such minute particles as 
could easily be suspended in muddy water, and mixed with much 
calcareous matter, that seems to have been derived in part from the 
dripping of the roof, and in part from comminuted bones.”t The 



* “ Reliquioe Diluvianse,” 1823. 


t Ibid. 
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remains of hyaena, tiger, bear, wolf, fox, weasel, elephant, rhino- 
ceros, hippopotamus, horse, ox, three species of deer, and some 
other animals, were found to be so strewed over the bottom of tlie 
cave when the mud was removed, the proportion of hyaena teeth 
over those of other animals so great, and the bones of other animals 
so broken and gnawed, that Dr. Buckland considered the Kirkdale 
cave to have been tlie den of the extinct hyaenas, the remains of 
which were found in it, during a succession of years. He further 
considered that they brought in, as prey, the animals, the bones and 
teeth of which were mingled with their own, and that these con- 
ditions were suddenly changed by the irruption of muddy water 
into the cave, burying all the remains ol' the animals, in an 
envelope of mud, including the faeces of the hyaenas, which 
occurred in the Kirkdale cave, precisely as such now do in the 
dens of existing hyaenas. Many bones were found to be rubbed 
smooth and polished on one side ; a fact showing, Dr. Buckland 
infers, that one side had been exposed to the walking and rubbing 
of the hyaenas. 

There would thus appear to have been a hole or cavern at first 
raised above common detrital accumulations, and freely communi- 
cating with the atmosphere, when the stalagmite b was formed ; 
then a change by which water containing fine mineral detritus 
was introduced, the latter subsiding from the water, which may 
have completely filled the whole of‘ the cavern ; and, thirdly, a 
time when the cave was out of the reach of water, again freely 
communicating with the atmosphere — so that stalagmites were 
thrown down upon the even floor of mud. The stalactites depend- 
ing from the top may have been partly formed during both periods 
when the cavern communicated with the atmosphere. Stalactites 
would not be formed if the cave were full of water, since the solution 
of the bicarbonate of lime, even supposing such to have passed 
through into the cavern, would then mingle, in the usual way, with 
the general volume of the water. 

As regards the introduction of fine sedimentary matter into 
caves during a submersion of previously dry land beneath the 
sea, the resulting mud not containing the hard parts of‘ marine 
animals, much would necessarily depend upon the circumstances 
imder which the entrances, or fissures communicating with the old 
surface of dry land, were placed. Should the entrances be blocked 
up by beaches or shingles drifted over them (independently of any 
which may have been closed by the accumulation of fallen frag- 
ments before submersion) as the land descended and the coast con- 
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ditions changed, the shores ranging gradually to higher levels, the 
matter of‘ fine mud could be water-borne through the shingles or 
fragments. Such muddy water once in the cavern, either from 
this source, or entering amid other cracks and chinks, the resulting 
mud would settle over the floor, enveloping all within its reach in 
a mass of fine sediment. In either case, any germs of marine 
animals secreting hard parts, and entering with the water, would 
scarcely be properly developed in such a situation. 

Ossiferous caverns being merely those amid caves in general 
which, from fitting circumstances, mammals have made their dens, 
or into which they have fallen or been drifted, all the sinuosities 
and irregularities of* such cavities, both as regards horizontal and 
vertical range, have to be expected in them. They are found to 
be variously filled in difierent localities, so that it becomes difficult 
to point out any particular arrangement of parts common to the 
whole. At the same time, the following longitudinal section 
(iig. lOG) may afford somewhat of a general view of* many which 
have been discovered. In it ?, /, represent the section of a 
limestone hill (these caverns being like caves in general most 


U>6. 



c(nnmon in limestone rocks), in which there is a cavern, 6, 6, 
communicating with a valley, v, by an entrance, a. A floor of* 
stalagmite, rf, d, covers bones and fine sediment accumulated 
in the cavities, c, c. A column of stalactite and stalagmite is 
represented between the two chief chamlxns of the cave, and 
which may or may not liave blocked up the passage from one to 
tlie other. Any circumstances having removed a covering of the 
entrance, a, or the latter being even constantly open and well 
known, an observer, if not informed respecting ossiferous caverns, 
might easily enter such a cave and remark nothing more than the 
chambers, the stalactites depending * from the roof or covering the 
walls, and a floor partly rock, partly formed of stalagmite ; and 
even, if the passage between the chambers be closed by stalactite 
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and stalagmite, return from the outer cave without being aware of 
tlie chamber beyond it. 

It will be, at once, apparent, seeing that the bones in ossiferous 
caves may either liave been cliiefly collected by predaceous animals, 
have fallen into them from openings in the ground above — have 
been drifted into them, or be the remains of mammals which have 
entered and died in the caves — that great attention should be paid 
to the mode in which the bones may be accumulated, and to their 
whole, fractured, gnawed, or other state. Very careful and com- 
plete sections require to be made of the ossiferous accumulations, and 
these should not be confined to one portion of a cavern ; for, during 
a long lapse of time, an open cave may have been variously tenanted 
or strewed with bones. If an obser^^er be in search of evidence of 
ossiferous caves having been the dens of predaceous animals, not 
only the marks of their teeth upon the remains of such bones as may 
not have been consumed are valuable, but also the mode of occur- 
rence of faecal remains, and the rubbing and polishing of portions of 
the walls, especially in the narrower passages, are important. 

With respect to stalactitic and stalagmitic incrustations, they may 
have happened at all times when a cavern was above the sea or 
water-drainage of the time, so that the atmosphere entered it, and 
bicarbonate of lime percolated in solution through the containing 
rock into the cave. Thus bones, as in the Kirkdale cave, may 
have been embedded in this calcareous substance, as well prior to 
the introduction of any fine sediment by means of water, as after- 
wards. It is the repose of stalagmite upon an even flooring of 
the sedimentary matter enveloping the bones, which shows an 
alteration of conditions, one from a state of things when stalagmite 
could not be accumulated on the bottom of the cave, to that which 
permitted it. 

As the remains of mammals of existing kinds, such as the red 
deer,* * * § of the roebuck, t badger,} polecat, § stoat, H wolf,T fox,** 

* In Kirkdale Cavern, Yorkshire, and Kent* s Hole, Torquay; Buckland, Keliquisc 
Diluvianse,** and Owen, Hist. Brit. Foss. Mammals.** 

f Fissure in limestone, with the remains of Rhinoceros tichorhinus, Caldy Island, 
Pembrokeshire; Owen, *<Hist. British Foss. Mammals,** p. 488. Dr. Buckland 
mentions an antler, ^ approaching that of the roe,*’ in the Paviland Cave. 

X Kent’s Hole, Torquay; Owen, “Hist. Brit. Foss. Mammals,” p. 110. 

§ Belgian Cave, Dr. Schmerling. Berry Head, Devon ; Owen, “ Hist. Brit Foss. 
Mammals,** p. 113. 

g Kirkdale Cave; Buckland, “ Beliquise Diluvianse.** Kent’s Hole, Torquay; 
Owen, Hist. Brit Foss. Mammals.** 

^ Kirkdale Cave; Paviland Cave; Oreston, Plymouth; Kent’s Hole, Torquay. 
—Buckland, “Beliquise Diluvianae ;” Owen, “ Hist. Brit Foss. Mammals.** 

Kent’s Hole, Torquay ; Oreston, Plymouth.— Owen, “ Hist. Brit Foss. Mammals.” 
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water-vole, field-vole, bank-vole, hare and rabbit,* have been dis- 
covered in caves mingled with those which are extinct, and as the 
remains of man have been detected in similar caverns, it becomes 
needful most carefully to study the circumstances under which all 
these remains may occur ; so that while, on the one hand, we do 
not neglect the kind of evidence which might thus show the con- 
temporaneous existence of mammals now partly extinct, and partly 
living, t and also of man with the same kinds of animals, on the 
other, the accidents which may have brought such apparently 
contemporaneous mixtures together may be duly regarded. Thus, 
had not Dr. Buckland employed the needful caution, human 
remains (those of a woman) in Paviland Cave, Glamorganshire, 
might have been regarded as proving the contemporaneous existence 
of man and of the Elephas primigmius^ Rhinoceros tichorhinus, and 
Hyoena speloea. In this case, the cave had evidently been employed 
as a place of sepulture by some of the early inhabitants of that part 
of Wales, and the ground containing the remains of the extinct 
animals moved-J 


* Buckland, “Reliquiae Diluvianae;” Owen, “Hist. Brit. Foss. Mammals.” 

t The following list of animals, the remains of which have been found in the caves 
of the British Islands, is given by Professor Owen, in his “ History of British Fossil 
Mammals — Vespertilionoctula^ Rhinoiophus ferrum-equinum^ Ursus priscus and speheus ; 
Meles tdxiis^ Putorius vulgaris and ermineus; Lutra vulgaris (from Durdham Down, 
Bristol, on the authority of Mr. E. T. Higgins) ; Canis lupus and vulpes ; Hycena 
spelaa, Fdu spel<pa and catus ; Mackairodus latideus, Mus musculus, Arvicola amphibia, 
agrestis, and pratensis ; Lepus timidus, and cuniculus ; Lagomys speltLus, Elepihcu primi- 
genius, Rhinoceros tichorhinus, Equus fossilis (caballus? ) and plicidens; Asinus fossilis, 
Hippo/fotamus major, Sus scrofa, Megaceros Hibernicus, Strongyloceros speUxus, Cervus 
elaphus, Tarandus, Capreolus, and Rucklandi ; Bison prisons, and minor, and Bos 
primigenius. 

X The cave in which these remains were discovered is one of two on the coast 
between Oxwich Bay and the Worm’s Head, part of the district known as Gower, on 
the west of Swansea, and formed, in great part, by carboniferous or mountain lime- 
stone. It is known as the Goat’s Hole, and is accessible only at low water, except 
across the face of a nearly-prccipitous cliff, rising to tiie height of about 100 feet above 
the sea. The floor, at the mouth of the cave, is about 30 to 40 feet above high-water 
mark, so that during heavy on-shore gales, the spray of the breakers dashes into it. 
Beneath a shallow covering. Dr. Buckland discovered the nearly entire left side of 
a female skeleton.” He adds (“ Reliquiae Diluvianee,” p. “Close to that part of 
the thigh-bone where the pocket is usually worn, I found laid together, and sur- 
rounded also by ruddle, about two handfuls of small sliells of the nerita littoralis, in 
a state of complete decay, and falling to dust on the slightest pressure. At another 
part of the skeleton, viz., in contact with the ribs, I found 40 or 50 fragments of 
small ivory rods, nearly cylindrical, and varying in diameter from a quarter to three- 
quarters of an inch, and from one to four inches in length. Their external surface 
was smooth in a few which were least decayed, but the greater number had under- 
gone the same degree of decomposition with the large fragments of tusk before 
mentioned.” Fragments of ivory rings were also discovered, suppose4l, when com- 
plete, to have been four or five inches in diameter. Portions of elephants’ tusks were 
obtained, one nearly tw'o feet long ; and Dr. Buckland inferred that the rods and the 
rings had been made of the fossil ivory, the search for w^hich had caused the marked 
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In many instances of* the mixed remains of extinct and existing 
species of mammals, independently of the condition and mode of 
occurrence of the remains themselves, the probable habits* of the 
animals may offer the observer much assistance. In this manner, 
certain ca^^es have been inferred to have been the dens of extinct 
bears and hyaenas, in the latter case faecal remains, considered to be 
of a very characteristic kind, marking the continued residence of* 
these bone-consuming animals, and a quiet entombment of* such 
bodies with ordinary osseous remains. One kind of animal, sucli 
as the cavern bear, may have occupied a cave at one time, while 
hyaenas may have tenanted it at another, and both may have been 
preceded or replaced by the cave tiger, and its contemporary great 
feline, the machairodm.'f During the occupation of the more 
roomy portions of a cave by such great mammals, smaller animals 
could have lived in the minor holes and fissures, occasionally 
feeding upon remnants of the prey brought in by the larger car- 
nivora, and sometimes falling victims themselves to the latter. In 
certain caves, bats may often have clustered in places in the higher 
parts of the chambers, secure from the bears, hyaenas, or felines, 
their remains, from time to time, being mingled with the bones of* 
the other animals beneath. With regard to several mammals, the 


disturbance of the ossiferous ground observed, the ivory being then in a sufficiently 
hard and tough state to be so worked. Charcoal and pieces of more recent bones of 
oxen, sheep, and pigs, “ apparently the remains of fo(^,” showed the cave had been 
used by man. The toe-bone of a wolf was shaped, and it was inferred that it had 
been probably employed as a skewer. As regards the date when this cave may have 
been thus worked for its ivorj', and the woman buried, Dr. Buckland calls attention 
to the remains of a Roman camp on the hill immediately above the cave. Amid tlie 
disturbed ossiferous ground there were not only recent bones, but also the remains of 
edible molluscs, Buccinum undatum, hittorina littorea, L. neritoides, Patella rulyata, and 
Trochus crassus, 

♦ No doubt much caution will be required as to any inferences drawn from the 
habits of existing animals of a particular genus ; as, for instance, if the hare were an 
extinct mammal, and the rabbit only found living, it would be a serious error to infer, 
from the habits of the latter, that the former always lived in burrows which it dug 
for itself. At the same time it may not be unreasonable to suppose that animals, 
such as elephants, rhinoceroses, deer, and oxen, did not make caves their habitations, 
even when entrances into them were sufficiently large and easy, though they may 
have occasionally found their way into them, as we have often seen oxen do in 
England, for shelter from very heavy rains or great heats. 

t Mr. Austen, when noticing Kent’s Hole and other ossiferous caves of Devonshire 
(“ Geology of the South-east of Devonshire,” Geological Transactions, 2nd series, 
vol. vi., p. 44.5), calls attention to the habits of the Hon and panther, w'hich, after 
killing their prey, “ secure it in their jaws, and bear its weight on their powerful 
shoulders, retreating with it to these caves.” After mentioning the great size of the 
animals which the African lions carry off, he adds, that “ with respect to their usual 
abodes, we have the authority of all African travellers and hunters, that chasms, 
caves, overhanging ledges of rocks, and similarly-protected places, are their liaunts, 
and the spots to which they carry their prey.” 
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remains of which are discovered in ossiferous caves, we feel certain 
that not only would their bulk have prevented them from passing 
through the only communications, which can either be seen or 
suspected, between the open air and chambers of many caves, but 
also that their habits would not direct them to such retreats. As 
prey to carnivorous mammals inhabiting caves, dragged in piece- 
meal through comparatively small apertures, when their bodies 
were dismembered, there appear no difficulties ; indeed, there is 
good evidence on this head. It has been remarked, that the teeth 
of the extinct elephant found in caves, show that young animals of 
this kind had chiefly been brought into them. This, however, 
does not seem to have been the case with respect to the Rhinoceros 
tichorhinus, since tlie remains of full-formed individuals of this 
species are, in some cases, sufficiently abundant ;* neither does it 
show that many a large elephant may not have fallen a prey to the 
great carnivora, especially the feline, its bones and teeth being left 
elsewhere, and perhaps in great measure consumed on the spot 
by hyaenas. 

That men have at various times inhabited caves, and used them 
as tombs, is well known ; and the case of the skeleton of the woman 
at Paviland, above noticed, is sufficient to show that ossiferous 
caverns may have been thus employed. t If man had been a con- 
temporary inliabitant of the regions where these extinct carnivora 
roamed in search of their prey, he might, as well as other creatures, 
have occasionally formed a portion of such prey. Where pieces of 
pottery are discovered, which appear to mark the residence of man 
in the caves, we merely seem to have evidence that he frequented 
them at some period, perhaps not well defined ; unless, indeed, the 
mode of occurrence of the pottery be such that no doubt of the 
relative date of its introduction can exist. J With flint or other 


* Having examined the ossiferous cave of Spritsail Tor, in Gower, Glamorganshire, 
shortly after its discovery, by the cutting back of a carlH)niferou8 limestone quarry, 
we were much struck by the narrowness of a part of the entrance, where predaceous 
animals, apparently hyaenas {H. spelad)^ seem to have been stopped, with large por- 
tions of the carcasses of the Rhinoceros tidwrhinus^ numbers of the teeth of which, 
among the other remains, were accumulated close outside it. 

t Sir Philip Egerton, “On the Ossiferous Caves of the Hartz and Franconia,** 
(Proceedings of the Geological Society, vol. ii., p. 94), w-hen enumerating the osseous 
remains which rew'ardcd the researches of himself and the Earl of Enniskillen in the 
caves of Gailenruth, Kuhloch, Scharzfeld, and Baumanns Hohle, mentions that frag^ 
ments of rude pottery were discovered in these four caves ; “ old coins and iron house- 
hold implements of most ancient and uncouth forms in that of Rabenstein,’* and 
recent bones of pigs, birds, dogs, foxes, and ruminants, in every cave examined. 

t The description of the cavern of Miallet, near Anduze, department of the Gard, 
by M. Tessier (“ Bulletin de la Societe' Geologique de France,** tom. ii.), affords a useful 
illustration of the manner in which human bones may occur with those of extinct 
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Stone arrow-heads and knives, such as have been discovered m 
Kent’s Hole, and elsewhere, there would be more difficulty, if other 
evidence was not opposed to the inference. When bones of men, 
as they are stated to have been, are discovered really mixed amid 
those of the extinct carnivora and other animals foimd in ossiferous 
caves,* the subject is one of no slight interest, and requires at least 
very careful investigation, without prejudgment of any kind.f 
Ossiferous caverns may offer greater complication than those 
previously noticed, in which the apertures or mouths opening to 
the air are considered to have been more or less lateral, presenting 
ready ingress and egress to mammals. A ca'\'em of the kind 
represented, in longitudinal section, fig. 107, may have been 
of a mixed kind partly composed of a portion, e?, rising upwards, 
as is also seen in many which are not ossiferous, and partly 
having a more horizontal range, a, a. If the upright cleft 
did not reach the surface at the time, in a manner to permit 


mammals. The cavern is situated 30 3^ard8 above a valley, on a steep slope, and In a 
dolomitic rock. The lowest bed, reposing on the bottom of the cavern, is composed 
of a dolomitic sand, irregularly covered with thin stalagmite, and here and there by an 
argillo-ferruginous clay, more than a yard thick. This bed contains the abundaiit 
remains of bears. Beneath stalagmite and a bed of clayey sand, from 8 to 16 inches 
thick, human remains were discovered in different parts of the cavern. At the inmost 
end they were decidedly mixed with those of bears, which predominated ; but at the 
entrance the human bones prevailed. On the ossiferous clay, and beneath a very 
rocky projection, a nearly entire human skeleton was discovered, and close to it a 
lamp and a baked clay figurine ; copper bracelets being found at a short distance. 
In other places were the remains of coarse pottery, worked bones, and small flint 
tools, exhibiting a ruder state of the arts than the preceding. M. Tessier infers 
—1. An epoch when the cavern was inhabited by bears. 2. A time when man, little 
advanced in civilization, inhabited, and probably was buried, in the cave; and 3, the 
Roman epoch, shown by the remains of more advanced art. As regards the mixed 
bones of man and the bears, it is inferred that this is accidental, as men and bears 
could not have lived together in this cavern. 

♦ Dr. Schmerling (Ossemens Fossiies des Caverns de Liege) mentions human bones 
as decidedly mixed with those of the extinct elephant, rUnoceros, bear, and other 
mammals in the same clay and breccia in caves near Liege. From the mode of occur- 
rence of the whole, he infers that the human as well as the other bones were all 
washed into the cave together, men and these extinct mammals being then coexistent. 
Instances of the mixed bones of extinct mammals and of man, in the south of France, 
are mentioned by M. Marcel de Serres (“ Geognosie des Terrains Tertiaires”), M. de 
Cristol, M. Toumal, and other geologists, who supported the view that men and 
these extinct animals had been contemporaneous, a view opposed by M. Desnoyers 
(“ Bulletin de la Societe G^logique de France,** tom. ii.), who points out that the 
pottery and weapons discovered in the ossiferous caves correspond with those of the 
early inhabitants of England, Germany, and Gaul ; and that while in the monuments 
of the latter similar artificial objects occur, no remains of the extinct mammals are 
discovered, though those of species now inhabiting Europe are detected. 

t Professor Owen has pointed out (“ Hist. Brit. Fossil Mammals,*’ p. 97) that “ of no 
other quadruped than the bear is the femur more likely to be mistaken by the unprac- 
tised anatomist for that of the human subject, especially the femur of the gigantic 
extinct species commonly found in caves.’* Figures and dMcriptions are added in 
confirmation of this statement. 
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animals falling through it to the cave beneath, fragments only of 
the rock in which the whole is situated so doing (and it should he 
remembered, that in numerous caverns the fall of rocks from 

Fig. 107. 



various parts of the roofs and sides may have happened at all times), 
the osseous remains of animals entombed would belong to those 
which may have entered, lived in, r>r been dragged into the cham- 
bers. If the cleft were sufficiently wide fur animals to fall through, 
as mammals now do similar fissures, there miglit 1x5 two modes of 
accumulating the remains of the same, or nearly the same crea- 
tures ; one resulting from the occupation of* the cave by predaceous 
animals, and any others able to live in the same place with them ; 
the other, from the fall of animals through the fissure, sometimes 
bringing down with them fragments of rocks, and so wholly or 
partly burying their carcases beneath such fragments. 

If wc assume the submersion of such a cavern, much, as to 
the results, would depend on the rapidity c-r slowness of the sub- 
mergence. Supposing the latter, and that th.e mouth of the cave 
was closed, cither prior to it or during its progress, fragments of 
rock, such as we often see thickly strewed over limestone hill and 
mountain sides, descending readily over it, the common earth 
(usually the cementing matter of such fragments on hill sides) 
would be removed by the wash of the sea, and muddy water, in 
part, perhaps, thus derived, enter the cave, cnvelojung with fine 
sediment the bones in the interior, a, g. The sediment rising 
only according to the amount of matter introduced, it might so 
happen, that an even floor did not surmount the level, g^ mud alone 
completely Intermingling with fragments of rocks or bones in the 
lower part of the mass, h. Submergence slowly continuing, and 
the fissure, c, still open, animals could, as before, fall through, until 
finally the whole hill was beneath the water. Much complication 
might arise in such a case, and more especially if' the upper part of 
a fissure had never been closed over by detritus even to its emcr- 
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gencc, or that it had not been covered by water at all, so that it 
was always open to catch unwary animals, or those hunted by 
predaceous mammals, during a time when the quadrupeds of the 
country may have been changed or much modified. Perpendicular 
fissures in caves are sometimes so filled with fragments of n>ck, 
sand, clay, and earth, as to show the necessity of* great caution, 
when inferring that the osseous remains of many caverns had been 
derived through the lateral mouths alone. 

In examining ossiferous caverns, attention should be directed to 
the kind of foreign dctrital matter introduced into them, either 
occurring amid the bones and fragments of the rock in whicli the 
cave is formed, and constituting layers or beds, or which may be 
strewed about. Let us suppose tliat in a valley, 1% of which tlie 
following is a section (fig. 108 ), two ossiferous caverns, a and b, 
occur on the side of tlic hill, c, a river, r, being of* sullicient size to 
bring down mud, sand, and gravel, especially during floods. Tlie 

Fig. 108. 



lower cavern, //, would from tins eau.S(‘ be exposed to dej)oslts, 
enveloping the bones of mammals which there occurred, 11o(m1s 
from time to time surprising and killing animals suddenly caught 
by them in it. This would not be the case with the higher cavern 
out of the reach of such lluviatilc action and deposits. H' tlie 
surface of the land had Ixien disposed much as we now find it, 
anterior to a submergence Ixmeath water, (a supposition by no 
means necessary,) both the.se caverns may have had detritu.s 
introduced into them, as previously noticed, Avhatcver additions 
inay have been made to the lower cave, />, by bones or detritus 
from the action of the river, r. As pebbles of fair size afford 
evidence which finer sediment may not, it is always important to 
collect and very carefully examine any found in ossiferous cave.s, 
as from them some conclusion may be formed as to the direction 
whence moving water may have carried them, either from their 



Cii. XVI.] DEPOSITS IN SUBTERRANEAN RIVER CHANNELS. 


r()7 

parent rocks, or from any gravel or shingle accumulation where, 
for a time, they may have been stationary.* 

Much and very proper stress has been laid upon the accumulation 
of bones with mud, sand, gravel, and fragments of rock in those 
subterranean and cavernous channels through which streams and 
rivers so often pass in limestone districts. into these, animals 
surprised by floods arc often carried, and from them are seldom 
known to emerge, the passages being commonly so complicated, 
that even inferring suflicient space for the bodies to pass through, 
the intricacies and vertical arrangements of the channel arc sucli 
that tlic osseous portions of the animals, whatever may l)Ccomc of 
tlie flesh, whether eaten or decomposed, remain and accumulate 
in these cavernous passages. In sr)me tropical and limestone 
countries, as, for instance, in Jamaica, it is very instructive to 
watch tlic cflects of a sudden floul hurrying forward a mass of 
turbid water, and, occasionally, various crcatun;s into great sink- 
holes.t In more temperate climate's, a sudden AolmI often sur])rises 
animals, occasionally large, in low grounds near the entrances into 
cavernous channels, and, according to the capacity of the channel 
and the size of the entmnee into it, will depend the ready disaj)- 
j>earancc of* tlie animals tlius swept onwards. • Sometimes tlie 
volume of water is so great, that they are m»t readily engulled, 
whirling about at tlie entrance, then beneath the level ol‘ the water 
ponded back, until the flood somewhat subsiding, the bodies of the 
animals enter and become lost in the caverns. 

* As regards tlie contents of the ossiferous cave of Kent’s Hole, often mentioned 
above, Dr. Buckland informed me that Mr. M‘Cneiy found rounded portions of 
granite and greenstone beneath tlie stalagmitic crust, n.s also fragments of sandstone 
and slate, some of' them rolleil. The cave itself is in limestone, the sanilstone, slate, 
and greenstone rocks associated with it in the ilistri' T, but granite does not occur 
nearer than l)artm(»or. Id miles distant. According al'^o to Colonel Aludge (Pro- 
ceedings of the (geological Society, vol. ii., p. 4l)tt), tlie pebbles discovered in the 
ossiferous bed at Yealm Bridge cave, six miles from PlMiiouth (five distinct deposits 
being noticed, the highest only containing bones), “are a]‘i>arentl 3 ’ derixed from the 
confines of Dartmoor, and differ from those contained in tlie bed of the Y'ealra.” The 
remains found in this bed, 34 feet thick, were those of the i lephant, rhinocert'S, horse, 
ox, hytena, sheep, dog, \\olf, fox, bear, hare, water-mt, and a bird of considerable 
size. Many of the bones were “ splintered, chipped, and guaweil,” and coprolites 
were found in the ossiferous bed. Pebbles are found in several ossiferous caverns. 

t With the various land molluscs caught by heavy, and often sudden tropical rains, 
and swept into these sink-holes, land hermit or soldier crabs, arc in certain localities 
also carried in, sometimes bearing marine univalve shells which they have brought 
with them, occasionally many miles, during their migrations to and from the sea- 
coast. We have seen these crustaceans at 12 to 14 miles from the sea in the lime- 
stone districts of Jamaica, and can confirm the statement of Mr. U. C. Taylor 
(“ Notes on the (leology of (hiba,’’ Philosophical Alagazine, 1837), respecting their 
habits ns noticed by him in similar districts of Cuba. Marine shells may thus readily 
bo included in the stalagmites of the caverns, often of large size, common in the 
white limestone ixirtions of J*amnica. 


y 


o 



308 DEPOSITS IN SUBTERRANEAN RIVER CHANNELS. [Cii. XVI. 

Even under the somewhat simple conditions of such cavernous 
channels, as shown in the section beneath (fig. 109), it will be 
obvious that not only detrital matter and fluviatile molluscs, but 
also terrestrial mammals may be introduced into a cavern, 5, r, d, 
and the finer sediment, held in mechanical suspension, alone 


Fig 109. 



emerge at d, supposing the channel to be sufficiently short, and tlie 
water be kept in the proper agitation throughout. Under ordinary 
conditions, a large amount of the elongated cavern would be 
beneath the level at which the water emerged at r?, so tliat the 
heavier sediment would settle at the bottom of tlie inequalities, 
such as/ and 9 ^. The bodies of animals could scarcely be forced 
through even such a comparatively ample passage as that above 
represented, the general form of the channel, and especially the 
depending portions of the roof, c, c, c, opposing obstacles to their 
transport outwards to d. Should the impediments to the passage 
of the water gradually accumulate (and among these large falls of 
fragments from the roof would be important), an outlet of this kind 
may Ikj even completely stopped. If we suppose a submergence 
of the land, such a channel might also be completely filled with 
detritus, so that, upon a subsequent emergence, the drainage 
formerly effected through the passage h, d, being blocked up, it 
passed elsewhere, and the former outlet, d, might form the entrance 
into an ossiferous cavern on the lower side ol’ a hill. 

Many caverns convey out waters which have accumulated amid 
the rocks of which they form a part, especially in limestone dis- 
tricts. These streams sometimes choke up parts of the cave, so 
that they cannot be passed during a rise of water, though com- 
municating between chambers still above the level of that water. 
Such subterranean streams occasionally transport sedimentary 
matter, and leave it in situations whence it is n<;t easily detached, 
and where it may cover up the osseous remains of animals, or tlie 
works and even the bones of men. Tliis would appear to have 
been the case, as respects the mode of occurrence ol' the human 
remains observed by Dr. Buckland, in one ol* the branch chambers at 
Wokey Hole, in the Mendip Hills, near Wells. Human teeth and 
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fragments of bone were “ dispersed through reddish mud and clay, 
and some of them united with it by stalagmite into a firm osseous 
breccia.”* Among the loose bones he found “ a small piece of a 
coarse sepulchral urn.” The mud and clay seemed clearly to have 
been derived from the adjacent subterranean river, which, in its 
overflowing, reached this cliamber. 

Ossiferous caverns are sometimes entirely destitute of stalagmite, 
forming a level crust over a floor, or even any deposits or incrust- 
ations of the kind. The ossiferous mass fiumd in Ban well Cave, 
Mendip Hills, was composed of little else than fragments of the 
limestone in which the cave occurs, mingled with tlie bones of the 
cavern bear and other extinct mammals. Similar caves have been 
(bund elsewhere, the bones and fragments of rock only requiring, 
as M. Therria long since remarked, a cementing substance, such as 
carbonate of lime, indurated clay, or other mineral matter, to form 
those accumulations known as osseous breccias,^ As caverns which 
may have been the dens of predaceous mammals, occasionally 
present clefts and fissures filled in this manner, it is important to 
ascertain, when such are exposed to view by the cutting back of 
(quarries, whether they are merely clefts and fissures, such as r(‘pre- 
sented beneath (fig. llU), and which have probably never formed 
a portion of a ca't'erii, properly so called, or are parts of an ossiferous 
cave, which furtlier researches may expose. 

In this section (fig. 1 10) a, c, represent fissures filled with 
ossiferous breccia, an offset at /, giving a liorizontal character to 

Fig. no. 



part of one of them. In limestone districts, and in such countries 
clefts containing osseous breccias are the most common; a reddish 

* “ Reliquiae Diluvianae,” p. 165. 

f ** Mem. de la Societe d’llistoirc Naturelle de Strasbourg,” vol. i., wherein 
M. Therria describes the Grotte de Fouvent, in which, according to Cuvier, the 
remains of elephant, rhinocews, hyaena, cave bear, horse, ox, and a large feline 
animal were found. These remains were considered to have entered through a cleft 
in the rock, laid open by quarrying back a limestone. The cave was completely 
filled by bones, a yellow marl, and angular fragments of the limestone and rocks of 
the vicinity. 
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and calcareous cement is not imfrcquent, thougli not constant, the 
hardness and consolidation of the general accumulation being very 
variable. The red colouring substance usually arises from the 
decomposition of limestones, in or near which the fissures occur, as 
has long since (1834) been remarked by M. dc Cristol.* The 
carbonate of lime being wholly, or in great part, removed in solu- 
tion (the needful caihonic acid being jm'sent), the remaining 
portions of the limestone, comprising any carbonate of lime which 
may have been left, alumina, silica, or other substances, including 
iron, become coloured by the peroxidation of the latter, as may be 
ireqiiently observed in the soil of limestone districts, })articular]y 
among the carboniferous limestone countries of the Ihitish Islands 
and Eelgium. These fissures, when clearly unconnected with 
ca\ es, are inferred to have bec]i partially filh‘d ])y the falling in of 
animals.t 

Osseous breccias are found as might be expected, in dilfcrent 
countries; their contents variable, and pointing U) difierenees in 
the time, though always at comparatively recent geological periods, 
when they were accumulated : indeed, such could scarcely but 
have happened with these ossilerous accumulations, whether iound 
in caverns or in fissures, since we have reason to infer that the 
bones of animals are now being gathered together in similar 
situations in dillerent parts i)f the world. J It is chiefly as regards 
their possible <.'r probable connection with the inierred interval of 
increased cold, at a particular time, in tlie northern heniisj)here, 
that ossiferous caves and breccias are here noticed. Under the 
hypothe>is c»f this increase of Cold being accompanied by the sub- 
mergence of a large portion of Europe, afiecting the area al)ove 
mentioned, such suhincrgence being gradual, })crhaps with oscil- 
lations, unequal in diflcrent portions of the general area, and 

♦ “ Observations (Jenerales sur les Breches Osseuses,” MontjK‘llier, ls;u. 
t AVith resjject to the fulling in of animals into fissures, Dr. Buckluml, directing 
attention to this suhjoct in (“ Keliqiiiau Diluviana*,” pp. 50 uiid 78), mentions that 
animals now fall into a fissure in Duncombe Park, Yorkshire, as it “ lies like a ])itfull 
across the jmth of animals \^hich pass (hat way.” TJiis fissure was found to contain 
tlie skeletons of dogs, sheep, deer, goats, aiul hogs, “each on the spot on which it 
actually jierished.” It is rcmarkcil, that if a body of water entered this fissure, (he 
bones and the fragments of the limestone in which it occurs would he all washed to 
the bottom. Dr. Buckluud also referred to Ibe loss of cuttle down fissures, and intt) 
caves, exiierieuced by the farmers in the limestone districts of Derbyshire, Mon- 
mouthshire, and Glamorganshire. 

J Ossifeious caverns and fissures are found in various jiarts of Europe. They have 
been discovered in J^nglan;], Spain, France, Italy, Sardinia, Dalmatia, Croatia, 
Carniola, Styriu, Austria, lluiigaiy, Poland, and (ieriiiany. In the latter, lame 
ca\«‘s ha\e long been well known, and (‘nvier pointed out, in that they ex- 

tended oNci lea^:ue'^ (“ ( )hSLmeijs Fi.sjsiles,” Ire F.d ) In Dr. Bucklaiid took 
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followed by a rise of the same area, also, perliaps, with oscillations,* 
and with very considerable modilications of its surface, tlicrc are 
apparently conditions for much movement amid the terrestrial 
animals of* this portion of* the northern hemisphere. They would 
be sometimes isolated and destroyed, as by continued depression, 
the sea passed over their feeding grounds ; at others, they would 
retreat to regions wliere they could, for a time, establish them- 
selves and increase, some species being better able to preserve 


a general view of the subject (“ llcliquia' Diluvianae”) us far as it was then known. In 
his “ History of British Fossil Mammals and Birds,” Professor Owen brought it up, with 
much new information, to 184(j, more especially as regards the osseous remains of 
this kind discovered in the British Islands; and, in 1848, the Vicomte d’Archiac 
(“ llistoire desProgres de la Geologic,” vol ii., Ire Partie) published abstract state- 
ments of the knowledge obtained from 1834 to that date respecting ossiferous caves 
and fissures, and of their connection with the superficial deposits of the more recent 
geological accumulations in various imrts of the world. Australia has furnished its 
ossiferous caves and breccias, the remains of the animals detected in them being 
chiefiy of the marsupial character, one so strongly marking the mammalia of that 
land in the present day. Part of the species of mammals, the remains of which are 
thus obtained are extinct, while others still live in Australia. 

* As regards oscillations, when the caves were situated at a small elevation above 
a tide-way in an estuary, or at such a distance up a river, tidal at the lower 
end, that a change in the height of the tides would alter the previous level of the 
river, there could be oscillations at one time permitting a cave to be inhabited by 
predaceous mammals, at others so filling it with water that they retreated from it. 
Where there are alternations of stalagmitic floors, covering tvai surfaces with bone 
accumulations, as is stated to have been the case at C'hockier, on the banks of the 
Meuse, about two leagues from Liege, it is always desirable to consider the extent to 
which the presence or absence of sufiicient water in the low er parrs of caverns may 
have produced such alternations, the roof and sides ahvays furnishing the needful 
carbonate of lime, at one time forming the stalagmitic crusts, at another being too 
much disperi.ed in the water toaflbrd a dejwsit. 

Though the osseous breccia beneath the Castle Hill at Nice, of wliich the following 
(fig. Ill) is a section (made in 1827), may not be immediately connected with the 
northern movement of land noticed in the text, it may yet assist the observer, as 
showing the kind of evidence which may occasionally present itself. The face of 


the quarry, 7 , liad been cut back beyond the fissure, li e sides of which were bored 


at /, /, /, by the common Litluxhiniis, now' inhabit- 
ing that part of the Mediterranean, so that it w'as 


Fig. 111. 


once an open fissure beneath the level of the sea. 
This fissure, up to the lip of the cavity on that 
side, c, then became filled wdth rolled pebbles, 
chietly transjwrted from a distance, and afterw ards 
cemented by calcareous matter. Above this w’as 
the osseous breccia, o, rising up to the top of the 
fissure oil the side, u, but wdictlier this was accu- 
mulated, like most osseous breccias, on dry land, 
is not so clear, marine as w ell as terrestrial shells 
being mingled with it. Osseous breccias are 
found in the same vicinity up to the height of, at 
least, 5(K) feet above the level of the Mediterranean, 
and some breccias, not ossiferous, but otherwise 
similar, solely contain marine remains, so that. 



perhaps, these fissures may have been partly filled on dry land and imrtly in the sea. 


At Cagliari, Sanlinia, the remains of a Mytilus are found mixed with osseous breccia 


at ITiO feet above tlie sea. 
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themselves than others. Upon a rise of the sea-bottom, and the 
consequent formation of new lands, migrations would be effected, 
according to the relative levels of these lands, as regards the sea, 
and as passages for the movement ol‘ certain animals would some- 
times present themselves more favourably in one direction than in 
another.* Accumulation of the bones and teeih of the same 
species of elephants, rhinoceroses, and other animals, the remains 
of which occur in accumulations beneath those formed at the cold 
or “ glacial time, are considered to have been detected also 
above them, together with the remains of some mammals not pre- 
■\'iously inhabiting the ai'ea of the British Islands, and adjacent 
portions of the continent of Europe. This subject offers a fertile 
field for the labours of* an observer. Though much may have been 
accomplished, much remains to be done, and it will require his 
especial care to see, that amid the new lakes and river cliannels 
formed when the ground took that general configuration whicli 
we now find, a rearrangement of bones, washed out of the older 
deposits containing remains of the Elephas primigenius^ lUihioceros 
ticluyrhhms, and their contemporary mammals, and carried into 
the newer lacustrine and fluviatile beds, may not occasionally have 
been such as to mingle the osseous remains of the species of one 
time with those of another. 

As to the ossiferous ca^ cs, several closed at their mouths during 
a time of sulnnergence, may have been reojxaied by the sub- 
sequent removal of the detrital matter then accumulated, so that 
animals of the later time and of suitable habits arain entered or 

D 

dragged their prey into them ; other caverns being laid open for 
the first time for the entrance or fall of mammals, by the ordinary 
marine causes of denudation, during a depression and subsequent 
upheaval of the land. Many a surliiee is covered over by gravels, 
concealing 1‘ormer inequalities, amid which there may be ca\’es and 

* Mr. John Morris, when noticing tJie occurrence of inunimalian remains at Rrent- 
ford (Athenaeum, Pro. Geol. Society, 5 Dec. 1849), points out as important “ that it is 
generally along those valleys where the present drainage of the country is effecled 
that w'e find the most extensive deposits of mammalian remains and recent s'nells, and 
c5nse<4uently that very little alteration can have taken jjlace in tlie physical con- 
figurarion of the country since their deimsition.” The remains discovered at Brent- 
ford, and giving rise to these observations, were those of the elephant, rhinoceros, 
hippopotamus, auroch, short-horned ox, red deer, rein deer, and great cave tiger or 
lion. A few shells of recent freshwater species w ere found at the same time. As 
regards the existence of land and fresh-wuler molluscs, of the kinds still inhabiting 
Britain, Mr. Searles Wood, in his remarks “ On the Age of the Upper Tertiaries in 
England” (Athenamm, Geol. Society, .5 Dec. 1849), infers, from a list of the mammnls 
at different geological periods, “that a race of animals has arisen and departed whilst 
the land and fresh-water moilusca iiavc lived on unaltered,” and also that “ fresh- 
water mollusca have a greater specific longevity than marine.'’ 
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fissures, ossiferous or not, according to circumstances. The 
accompanying section (fig. 112) is one of a quarry wherein lime- 
stone, J, J, presenting a very irregular outline, is covered over by 
gravels, a, a, giving a general rounded outline to the surface. 

Fig. 112. 



The quarry is situated at Waddon Barton, near Chudleigh, De\xiii, 
and the limestone is of the kind (Devonian), wherein several 
caverns and fissures of the distriet are found (Kent’s Hole, Yealm 
Bridge, Plymouth, and elsewhere), partly ossiferous and partly 
without bones. Amid such varied modifications of surface as 
would follow submergence beneath, or emergence from seas, at one 
time perhaps bounding the area of the British Islands and adjacent 
portions of the Continent, as represented (figs. 65 and 99) by a 
line of depth, now no more than 600 feet beneath the surface of 
the Atlantic ; at another cutting existing highlands at about 1,000 
or 1,300 feet above that level, and finally producing the present 
distribution of land and water in Western Kiirope, it could scarcely 
happen but that caves and fissures were i)Liced under many modi- 
fications of condition. Not only may they have been closed at one 
time, and open at another, never completely blocked up, or pre- 
viously laid open, as above noticed,* but they may also be cut 

* Mining operations in limestone districts, such, for instaince, as that of Derhy- 
shirc, afford numerous instances of the irregular distribution of caverns, so that new 
surfaces of land being pnjduced, changes of this kind would follow. The Speedwell 
Mine in that county is a good example of a lofty cave, cut into while driving a 
mining tunnel, this cavern evidently communicating with the great cave of the Peak 
at Castletoii, since the rubbish from the one gets drifted into the other by the water 
passing through a series of subterranean channels. It was in 1822, while working 
the Dream lead-mine, near Wirksw’orth, in the same district, that a cavernous termi- 
nation to a fissure, communicating with the surface, was discovered ; one which was 
found by Dr. Buckland to contain, among oihcr osseous remaius, those of a Ithi- 
nocetos tichorh inns, 80 placed ns to leave little doubt that they constituted the skeleton 
of an animal which hatl fallen from above though a fissure . — See “ Reliquiae Dilu- 
viamr,” pp. 01 - 07, and Plate X. 
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back in such a manner with the adjacent rcxjks, that though they 
contain the osseous remains of earlier times, they are now apparently 
unfit, or at least most inconveniently situated, for the retreat or 
dens of predaceous mammals, or for trap-falls to them and the 
animals on which they lived.* 

With regard to the migration of the great mammals of‘ the north- 
ern hemisphere immediately before, during, and after the time 
when the cold is inferred to have been such as above noticed, and 
when^ by means of ice, huge masses of‘ rock and other detritus 
were transported, and thrown down on sea-bottoms, parts of which, 
upraised, now constitute a large portion of the dry land of North- 
ern Europe, Asia, and America, it becomes interesting to consider 
the mode of occurrence of the remains of the mastodon, a genus of 
great proboscidian mammals, approximating to, and of about the bulk 
and general form of the elephant. Those discovered in England 
have not been numerous, and have hitherto only been obtained 
from accumulations in Norfolk,! formed anterior to those, in the 
British Islands, in which are found the remains of the Elephaa 
primigenim^ the Rhinoceros tichorhinus, and other mammals of that 
time. As far as can be inferred from negative evidence, the Mas- 
todon angustidenSi the species which inhabited the British area and 

♦ Dr. Buckland, in 1823 (“Reliiiuiae Diluvianae p. 95), describing the Paviland cave, 
occurring in the face of a limestone cliff near Swansea, remarks on this kind of denu- 
dation, observing that these caves are analogous to those in the equally vertical and 
not less lofty cliffs that flank the inland valleys of the Avon at Clifton (Bristol), of 
the Weissent river at Muggcndorf, of the Bode river at Rubeland in the Hartz, and of 
the Mur at Peckaw, near Gratz, in Styria all these being the truncated portions of 
ossiferous caverns cut back by denuding influences. 

t The “ Crag,” as these deposits are usually termed, is an accumulation of gravel, 
sand, and clay, with often an abundance of shells, extending over parts of Norfolk, 
Suffolk, and Essex. It, and deposits above it, have been described by Mr. Taylor 
(Geology of East Norfolk, 1827), Mr. Woodward (Geology of Norfolk, 1833) 
Mr. Charlesworth (London and Edin. Phil. Magazine, 1835 ; British Association, 
1836, &c.), Sir Charles Lyell (Mag. Nat. Hist., new series^ vol iii., 1839 ; London and 
Edin. Phil. Mag., 1840), Mr. Searles Wood (“ Catalogue of Crag Shells,” Mag. Nat. Hist. 
1840-42), Mr. Trimmer (“ Geology of Norfolk,” Journal of tlie Agricultural Society, 
vol. vii.), and others. The lower part of these deposits is known as the Coralline 
Crag^ from containing numerous fossil corals, and 400 species of shells are stated 
to be found in it. Upon this reposes the Red or Norfolk Crag, in which 300 species 
of shells have been found, about half of the latter occurring also in the coralline crag. 
Above these are beds known as the Mammiliferow, or FiuvuMnarine Crag, containing 
fresh-water accumulations. In connexion with the latter, and stated to be rooted 
upon it, there are the remains of a forest of fir-trees. Mr. Trimmer also notices a 
marine deposit between the fresh-water beds and the succeeding mass of boulder 
clay, the parts of which are so strangely contorted and twisted, the effects, it has been 
inferred, of the action of grounded icebergs and coast ice on a sea-bottom of coast. 
Though doubts have been expressed as to the beds to which some of the mammalian 
remains should be referred, it seems agreed that those of the McLstodon angustidens 
occur in the fluvio-raarine or fresh-water accumulations, wliich are also remarkable 
for containing many existing shells. Dr. Mantcll mentions (‘* Wonders of Geology,” 
6th edit., 1848, vol. i., p. 224) thirteen teeth of the mastodon os having been obtained 
from the latter. 
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parts of Europe,* had passed away, at least in the former, before 
the mammoth appeared. Wherever this elephant may have 
retreated during the supposed greater cold in the higher latitudes 
of the northern hemisphere, it passed, in its subsequent migration, 
into North America, apparently roaming amid the same districts 
with a gigantic mastodon {M. gigantem)^ if the inference be 
correct, that the dispersion of the erratic blocks and associated 
detritus of that region was contemporaneous with that over 
Northern Europe. At all events, the surface on which both these 
mammals fed, appears certainly to have been that which resulted 
from the dispersion of such accumulations in North America, 
both animals sometimes lost in boggy ground, as many an animal 
now is at the present day, and there perishing, their bones, after 
the decay of the flesh, preserved in a certain amount of original 
arrangement. If it should eventually be found that the remains of 
the mammoth do not occur in lower deposits of North America, 
tliat the North American is certainly the same elephant with the 
Elephas primigeniuSy and that the erratic blocks and associated drift 
of both regions are really contemporaneous, there will have been 
evidence of a remarkable migration of the mammoth from the west 
to the east, after an interval of increased cold in the northern 
regions, and a submergence of them beneath the sea. On the east 
the mammoths would have become associated with a species of a 
huge proboscidian which had disappeared, as a genus, from West- 
ern Europe, prior to their existence there, but which still continued 
to flourish on the continent of America. The remains of the mas- 
todon are stated to be found amid the superficial deposits of that 
continent as far as latitude 66° N., thus bringing them witliin the 
climates apparently not unfavourable to the mammoth, though, as 
Prolessor Owen has remarked, “ the metropolis of the Meustodm 
giganteus in the United States, like that oi the Mastodon angusti- 
dens in Europe, lies in a more temperate zone, and we have no 
evidence that any species was specially adapted, like the mammoth, 
for braving the rigours of an arctic winter.”! 

* The remains of the Mastodon angustidens have been discovered in France,. 
Germany, and Italy. 

t “ Hist, of British Fossil Mammals,” p. 297. 

Respecting the remains of the Mastodon gigantetis, Bigbone Lick, in northern 
Kentucky, and about seven miles up a tributary of the Ohio, has long been celebrated 
for them, and they have also been discovered in several other localities. The 
“ Lick,” is BO called from the saline springs which various animals frequent. 
Even the contents of the stomach of the Mastodon giganteus have been discovered, 
containing cruslied branches and leaves, grass, and a reed now well known in Virginia. 
A summary of the knowledge resiKJctiiig the mode of occurrence of the American 
mastodons will be found in Charles Lyell’s Travels in North America. In his 
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The observer will readily perceive that much, requiring great 
care, is needed in investigations of this kind, and that, when en- 
deavouring to ti'ace the paths by which such animals may have mi- 
grated, and to ascertain the localities from whence, after retreating, 
they may again have, in part, been dispersed, districts over wliich no 
seas have passed, during the lapse of the supposed geological time, are 
of no slight value. Hence, among other objects of geological interest, 
the region of extinct volcanos in Central France is important, inas- 
much as it seems to have constituted dry land, during a range of 
time when several animals which once lived on its surface became 
extinct, among them the mammoth and Rhinoceros tichorhinus. 
Amid the various notices of the remains of mammals found in situa- 
tions giving them geological date, may be mentioned that ol' M. 
Pomel, wherein he describes an ossiferous fissure in a lava current 
(near Orbieres, on the south of Clermont), which had issued from 
Gravenoire. It was filled with volcanic sand, pulverulent car- 
bonate of lime, and bones which are stated to be the same as those 
of Coudes and other contemporaneous accumulations, containing 
the remains of the elephant. Rhinoceros ticJiorhinus, horse, ox, &c.* 
Land shells, of species now existing in the district, are mentioned 
by M. Pomel, as associated with these ossiferous deposits, so that in 
this region also, as in others of Europe and North America, great 
mammals have become extinct, while land and fresh-water molluscs, 
living with them, have continued to exist up to the present time. 


Paper (Proceedings of the Geol. Society, vol. iv., p. 36, 1843), on the Geological 
Position of the MwAodotn giganteum, and associated Fossil Remains of Bigbone Lick, 
Kentucky, and other localities in the United States and Canada, he pointed out -that 
*^on both sides of the Appalachian chain tlie fossil shells, whether land or fresh- 
water, accompanying the bones of the mastodons, agree with species of mollusca now 
inhabiting the same regions.’’ Ue also concluded that ^Hhe extinct quadrupeds, 
before alluded to in the United States (mastodon, elephant, mylodon, megatherium, 
and megalonix), lived after the deposition of the northern drift ; and consequently 
the coldness of climate, which probably coincided in date with the transportal of the 
drift, was not, as some pretend, the cause of their extinction.” 

* “ Bull, de la Soc. de France,” tom. xiv., 1842-3, A very instructive lecture was 
given by Sir Charles Lycll, at the Royal Institution of Great Britain, on this region 
in 1847, an account of which appeared in the Athenaeum of the time. He especially 
called attention to changes which its mammals had undergone, as shown by the 
osseous remains preserved in the alluvium associated with volcanic accumulations, 
no flood or return of the ocean having disturbed the surface.” 




CHAPTER XVII. 


VOLCANOS AND THEIR PRODUCTS. — HEIGHT ABOVE THE SEA.— CRATERS 
OF ELEVATION AND ERUPTION. — FOSSILIFEROUS VOLCANIC TUFT BEDS. — 
SEVERAL CRATERS ON ONE FISSURE. — VOLCANIC VAPOURS AND GASES. — 
VOLCANIC SUBLIMATIONS. — MOLTEN VOLCANIC PRODUCTS. — FLOW OF LAVA 
STREAMS. — VESICULAR LAVA. — VOIX3ANIC CONES. — COTOPAXI. — VOLCANOS 
OF HAWAII. — EFFECTS OF LAVA ON TREES. 

Distributed over various portions of tlie earth’s surface, as well in 
high southern and northern latitudes, as in temperate and tropical 
regions ; at points in the ocean far distant from main masses of dry 
land, as well as upon the latter themselves, free communications are 
effected between the interior of our planet and its atmospheric 
covering, through which molten rock, cinders, and ashes are 
ejected. That great heat, if not the primary, is at least a chief 
secondary cause by which these mineral substances are thus up- 
heaved, is rendered evident by the high temperature of the bodies 
thrown out. The molten rock flows as a viscous fluid, and retains 
its high temperature for a long succession of years ; and mineral 
substances are volatilized, which, we learn from our laboratories and 
furnaces, are only raised to that state by great heat. At the 
same time that these mineral bodies are ejected, vapours and gases, 
of a certain marked character, are expelled, so that by carefully 
combining the mode of occurrence of the various products, with the 
composition of the substances themselves, an observer, by the aid 
of sound chemistry and physics, may hope so to direct his inquiries 
as to obtain a fair insight into the causes and efiects of volcanic 
action. 

As regards altitude above the level of the sea, volcanic products 
are accumulated at various heights above that level, doubtless also 
forming the bases of many volcanos beneath it on the floor of the 
ocean. The most elevated of known volcanos constitute such an 
insignificant fraction of the earth’s radius, that variations in height 
do not appear to offer any great aid in ascertaining the causes of 
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volcanic action, though certain of its effects may thereby be some- 
what modified, especially when volcanos rise into the regions of 
perpetual snow. Cotopaxi, the cone of which rises, in the Andes, 
12 leagues S.S.E. from Quito, to the height of somewhat more than 
19,000 feet above the sea, forms but an insignificant part of the 
radius of the earth, not constituting so much as 3| miles of that 
radius, or about th of it.* 

With respect to the kind ofopenings through which the gaseous 
and mineral substances are vomited forth, there has existed much 
difference of opinion. While some geologists infer that the rocks 
through which the volcanic forces found vent had been so acted 
upon that they were upraised in a dome-like manner, the gaseous 
products bursting through the higher part, driving the lighter 
substances into the atmosphere, if the dome were elevated into it, 
and raising the viscous molten rock, so that it flowed out of the 
orifice ; others consider tliat there has been a simple fissure or aper- 
ture in the prior-formed rocks through which the volcanic products 
were propelled, the solid substances accumulating round the vent, 
so that a deceptive dome-like appearance is presented. 

The following sections (figs. 113 and 114) may assist in show- 
ing the differences between the craters of elevation,’* first brought 
under notice by M. Von Buch, and so ably illustrated by M. Elic 
de Beaumont and other geologists, and the craters of eruption,” 
as they have been termed. Fig. 113 represents a portion of* 

Fig. 113, 



* Humboldt (Kosmos) refers to the relative height of volcanos os probably of con- 
sequence if we should assume their seat of action at an equal depth benoath the 
general surface of the earth. He refera to eruptions being commonly more rare 
from lofty than from low volcanos, enumerating the following ;~Stromboli, 2318 feet 
(English) ; Guacamayo (Province of Quiros), where there are almost daily detona- 
tions; Vesuvius, 3876 fe^t; Etna, 10,870 feet; Peok of Tcncriffe, 12,175 feet; and 
Cotopaxi, 19,070 feet. 
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deposits more or less horizontally arranged, fractured and upraised 
in a conical or dome-shaped mass, a portion of them, g a chh^ 
being divided and rent at e, so that volcanic forces, pressing 
through, find vent. For the sake of illustration, the rocks broken 
are assumed to be accumulated in beds. This is by no means 
essential, the mass disrupted may have been composed of certain 
crystalline rocks, such as granite, to be hereafter noticed, bearing 
no marks of stratiform arrangement. If now ashes and cinders be 
thrown out of this vent, and accumulate in more or less conical 
layers, one outside the other, until at g and A, the original and up- 
heaved beds are concealed, and a crater presents itself at v, through 
which similar substances continue to ^ thrown, it may be very 
difficult to distinguish such an arrangement of parts from those 
effected by the propulsion of similar substances through a simple 
longitudinal crack, as represented in fig. 114. In this section, a 


Fig. 114. 



c 


series of beds, a b (for more contrast represented as previously 
upraised in a mass, and as all sloping or dipping in one direction), 
is traversed by a crack, which, though it divides the beds, has not 
been accompanied by upheaval or depression of one side or the 
other. Through this vent, c, cinders and ashes are supposed to 
have accumulated in conical layers, as before, the apex crowned by 
the crater, v. 

It will be obvious that in both cases, if the volcanic accumula- 
tions bad been subaerial, even with the addition of the flow of lava 
currents, and of cracks amid the ashes and cinders filled with 
molten rock, (which have been excluded from the sections to 
render them more simple,) much difficulty would arise from the 
general similarity in the arrangement of the volcanic products 
exposed to sight, unless denudation from atmospheric influences, 
or the sinking or blowing off of a large part of the volcano, afforded 
a better insight into the general structure of the mass, so that, as 
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diown by fig. 113, portions of subjacent and tilted beds of dis- 
iniliilar rocks could be seen, as at ^ and A, or of similar volcanic 
accumulations, as in fig. 114. 

Evidence of a better kind would be expected, should the ashes, 
cindoia^ and molten matter have been accumulated both beneath and 
above a sea level, the action of the breakers denuding the general 
mass, so that more illustrative sections would be afforded. Thus, 
if upraised above the sea level, the original dome or cone-shaped 
rocks, a h (fig. 113), though covered, for a time, by a mass of 
matter, g vh^ the result of a high state of activity in the volcano, 
may finally become visible, and afford the information sought. 
In the same manner, evidence of another kind may be obtained, 
as regards the accumulation from simple volcanic eruption, by 
marine denudation, as shown in fig. 114. In both sections it is 
supposed, that volcanic action not ceasing, conical accumulations 
may continue to be formed inside a crateriform cavity, more or 
less occupied by water, cliffs all round lacing an active volcanic 
vent, as at / (fig. 113). 

Under even these favourable circumstances, the observer should 
employ great caution. The facts presented to him may require no 
little comparison and classification ; for in such localities, more 
especially, he has to consider how far the relative levels of the sea 
and land may have remained the same since the various accumula- 
tions before him have been effected. Let it be supposed, for 
illustration, that he detects organic remains in beds surrounding 
the interior basin of water, in which the volcanic island still vomits 
forth various gases and products. Should the deposits g and h 
(fig. 113) be of the more recent geological times, commonly 
marked by the presence of the remains of* molluscs, not much, if at 
all, differing from those still existing in the vicinity, and should 
the mineral composition of the including beds not be decisive on 
the point, the subject may not be so clear. By reference to the 
section (fig. 114), it will be seen that if the line, d c, representing 
the present level of the sea, be raised, and, consequently, the whole 
mass of rocks, including the supporting deposits, a c by relatively 
depressed, the layers now above the sea, being then below it, 
molluscs may have lived upon and amid these layers while they 
successively constituted the sea-bottom, as upon any other sea- 
bottoms, and as many molluscs must now do around volcanic islands. 
There is no difficulty in considering that, during a long lapse of* 
time, breaker action aided in the re-arrangement of many sub- 
stances, including animal remains, on the subaqeous slopes of vol- 
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canos, the angle of the beds varying according to obvious conditions. 
Any change in the relative levels of the sea and land, which the 
observer, as he pursues his researches, will find to have been so 
frequent, and often so considerable, that should raise the general 
mass (fig. 114), so that c? « be the line of sea level, would expose 
the edges of these fossiliferous beds facing the interior. And it 
should be borne in mind, that in many localities calcareous beds, 
and even limestone, may become mingled with such deposits during 
their submarine accumulation. 

When studying the fractures and contortions of rocks, as well on 
the small as the large scale, there will be frequent occasion to 
remark, as will be more particularly shown hereafter, the mixture 
of flexures and fissures, and the extension of the one into the 
other. The subjoined example (fig. 115) of the termination of a 

Fig. 11.5. 



fracture and flexure, occurring amid the slightly-inclined beds of 
lias near Lyme Eegis, Dorset, may aid in illustrating a point of 
much interest connected with the present subject, namely, that in 
the more marked instances adduced of ‘‘ craters of elevation,” a 
considerable break or outlet is often found on one side. The plan 
(fig. 115) shows an alternation of the thin-bedded limestone of the 
lias of Dorsetshire with shale, the whole broken- through by a crack, 
a, I, the continuation of one where there is dislocation producing 
movement on the sides, and which terminates in a boss at 6, with 
somewhat diverging small cracks. The interior is composed of 
limestone, round which shale, covering it, is exposed by the pear- 
shaped protrusion, outside which is another limestone bed, c c Cy 
dipping outwards from the central portion, by the whole taking a 
more horizontal character towards a, where, for a certain length, 
the plane surface is merely broken by a fissure. With proper 
forces and resistances employed, a like disposition of parts could be 
obtained on the large scale. 

If, as on the subjoined plan (fig. 116), such a state of things 
had been brought about on the large scale, and volcanic forces had 
been enabled to find vent at different points, there may be good 

y 
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evidence of a crater -of elevation, and of other volcanos presenting 
no such evidence, all situated on a great line of fracture ending in 
a dome-like flexure, with, perhaps, a common communication 

Fig. 116. 



between them. At d a <?, the beds broken tlirough would dip, 
with radiating cracks, around a gorge opening in the direction of 
the main fissure towards 5, while surrounding the volcanic vents, e 
and y, the strata may be horizontal. Under such circumstances, 
the volcanic accumulations being continued, so that they may be 
intermingled, if the whole be regarded with reference to depression 
beneath the sea, or elevation above its level, the observer will 
perceive that numerous complications would arise, requiring no 
slight care properly to appreciate. 

As there is every reason to infer that volcanic substances have 
been, and are ejected at various depths beneath the sea level, as 
well as above it, the modifications of the products arising under 
the former conditions have to be properly estimated, more particu- 
larly when we have to associate such modifications with changes 
in the relative levels of sea and land, so that accumulations formed 
at various depths beneath water may be mingled with those 
gathered together in the atmosphere. That subaqueous would 
gradually approximate to subaerial deposits, as the accumulations 
round volcanic vents rose from diflFerent depths in the sea above 
its level, will readily be understood. When eruptions pierce 
through the sea level, ashes, cinders, and stones arc gathered round 
a crater, and vapours and gases are evolved, as happened off 
St. Michael’s, Azores, in 1811 (p. 100), and in the Mediterranean, 
between Pantellaria and the coast of Sicily in 1831 (p. 70). At 
such times the volcanic forces so accumulate mineral substances 
around the vent, and so, for the time, overpower the action of the 
sea, that it is not until these forces have been expended, or greatly 
abated, that the breakers can abrade the land, and, supposing 
no subsidence, or felling in of the mass of volcanic matter thus 
raised, and the latter sufliciently incoherent, level off the accumu- 
lations to4he depths to which waves can mechanically act. 
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Fully to appreciate the modifications which may arise in volcanic 
action at various depths in water, productive of effects which can 
only be inferred, very careful study of the gases and vapours 
evolved, of the chemical composition and mincraloglcal character, 
and of the mode of occurrence of the solid substances thrown out 
from subaerial volcanos, is needed. With regard to the vapours 
and gases evolved, the chief appear to be aqueous vapour or steam, 
sulphurous acid, sulphuretted hydrogen, hydrochloric acid, and 
carbonic acid. Steam is a very common product, and, as Dr. 
Daubeny has remarked, is sometimes emitted for ages from volcanic 
fissures.* Hydrochloric acid is also common in various parts of 
the world. Sulphurous acid has been inferred to predominate 
‘‘ chiefly in volcanos having a certain degree of activity ; whilst 
sulphuretted hydrogen has been most frequently perceived amongst 
those in a dormant condition.” f Carbonic acid is obscrv'cd at the 
close of eruptions, or in extinct volcanos, and is stated to be 
emitted more from the bases and neighbourhood of volcanos, than 
from their craters.J Besides these gaseous products, which can 
be collected when volcanic vents can be approached sufficiently 
near for the purpose, it is now considered that there is an inflam* 
mable gas occasionally evolved from some craters and volcanic 
fissures, wffiich gives the flame often mentioned, but at one time 
much doubted. Of what kind this gas may really be, appears as 
yet uncertain, and may long remain so, inasmuch, as it seems 
chiefly evolved under conditions, such as violent eruptions, 
unfavourable to examination. Flame observed by Professor PlUa 
to bo emitted from the crater of Vesuvius, in Jime, 1833, was of 
a violet-red colour, and the gas producing it inflamed only when 
in contact with the air.§ As Dr. Daubeny observes, hydrogen 

* Description of Active and Extinct Volcanos,” 2nd edit., p. 607 ; 1848. There 
would appear to be a constant emission of steam from Tongariro, New Zealand, a 
volcanic mountain rising to about 6,200 feet above the sea. From lime to time hot 
water and mud are ejected, and pour down the mountain side, “ coupled with ejections 
of steam and black smoko, with a noise like that of a steam-engine, but no lava or 
scoriae.” — Ib. p. 429. 

t Daubeny, “Volcanos,” 2nd edit., p. 608. As regards the discharge of sul- 
phurous acid and sulphuretted hydrogen, the one more in some places than in others, 
Dr. Daubeny remarks, that the presence of the one docs not prove the entire absence 
of the other, since these two gases when they meet decompose each other, forming 
water and depositing sulphur ; and “ that merely the portion of either which exceeds 
the quantity necessary for their mutual decomposition will escape from the orifice ; 
so that the gas which actually appears indicates only the predominance of the one, 
and not the entire absence of the other.” 

J Daubeny, “ Volcanos,” 2nd edit., p. 612. 

§ Edinburgh New Philosophical Journal, 1843. From observatibns made by him in 
the crater of Vesuvius in 1833 and 1834, Professor Pilla concluded that flames never 
appear at Vesuvius but when the volcanic action is encrgoiic, and ia accompanied 
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and its compounds not inflaming when steam or hydrochloric 
^cid are mingled with them in certain proportions, and both these 
being abundantly evolved in most eruptions, an inflammable gas 
might escape into the air thus mixed, without being inflamed. 
Hence, though this gas may be often present during violent erup- 
tions, it may not always be so under conditions for supporting 
flame. 

As regards the sublimations from volcanos, we should anticipate 
that they would be varied, seeing that the conditions under which 
volcanic forces and products may find vent could scarcely but be 
variable also. Among the most common is chloride of sodium, or 
common salt, one which is important from being found connected 
with volcanic action, in such different parts of the earth’s surface. 
Specular iron ore is often found sublimed in chinks and cavities, 
as is also muriate of ammonia in certain volcanos. Kespecting 
sulphur, it has been inferred to be derived “ cither from the 
mutual decomposition of sulphurous and sulphuretted hydrogen 
gases, or from the catalytic action exerted upm the latter gas by 
porous bodies, assisted by a certain temperature.”* The sublima- 
tions of the sulphurets of iron and copper, chloride of iron, oxide 
of copper, muriate and sulphate of potass, selenium, and others, 
though apparently accidental, have been shown by M. £lic do 
Beaumont t to have an important bearing upon the filling of 
mineral veins, as will be hereafter stated. 

The ashes, cinders, and molten rock ejected, may often be con- 
sidered as little else than modifications of the same substance, at 
one time kept in a state of fusion, vapours and gases piercing 
through it, at another driven off by these vapours and gases in 
portions of different volume, more or less impregnated with them, 


with a development of gaseous substances in a state of great tension ; that they do 
not appear when the action is feeble; that their appearance always accompanies 
explosions from the principal mouth, where, however, they cannot be observed except 
under fiiivourable circumstanced ; that they likewise show themselves in the small 
cones in action, which are formed in the interior of the crater, or at the foot of the 
volcano ; and that, finally, they are not visible except in the openings which are 
directly in communication with the volcanic fire, and never on the moving lavas, 
which are at a distance from tbeir sources. 

* Daubeny, Active and Extinct Volcanos,” 2nd edit., p. 615. After quoting 
M. Dumas (Annales de Chimie, Dec. 1846), as having shown that “ where sul- 
phuretted hydrogen, at a temperature above 100° Fahrenheit, and still better when 
near 190°, comes into contact with certain porous bodies, a catalytic action, as it is 
called, is set up, by which water, sulphuric acid, and sulphur are produced,” Dr. 
Daubeny points out that the vast deposits of sulphur, associated with the sulphates 
of lime and strontia of Western Sicily, may have been thus produced. 

t ‘^8ur les Emanations Volcaniques et M^Ulliftres.”— Bull, de la Soc. Gcol. de 
France, 2nd sdrie, t. iv., p. 1249. 
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SO as to be rendered cellular ; these portions finally so triturated 
and worn into fine grains and powder, that while part may fall 
with the cinders in a conical form around the volcanic vent, 
another portion may be so light as to be borne great distances by 
the winds, as from St. Vincent’s, in the West Indies, above the 
trade-winds, far eastward over the Atlantic. 

The rock in fusion, while occasionally, but somewhat rarely, up- 
lifted in a volcanic vent to, or so near the lip of the crater as to 
flow over the outside in a viscous stream, more frequently breaks 
through different portions of the side ; a result which would be 
anticipated from the pressure of a substance of the kind, and from 
rents formed in the sides of a volcano during violent eruptions. 
After ejection its solidification will necessarily depend upon the 
conditions to which it is exposed, the volume of the molten mass 
thrown out being duly regarded. Like all other mineral bodies of 
the like kind, if rapidly cooled, lavas form glasses, commonly 
known as obsidians, when associated with volcanic products; if 
slowly cooled, and in sufficient volume, crystallizing, as is easily 
illustrated by experiment.* The heat of lava currents would 
appear to vary, a circumstance to be expected, as whatever may 
have been the temperature of the molten mass when in the 
volcano, that of its exclusion would depend upon the cooling influ- 
ences to which it may have been exposed before it flowed outside 
the volcano, and could be examined. It has been inferred that 


* So far back as 1804, the experiments of Mr. Gregory Watt (“ Observations on 
Basalt, and on the Transition from the Vitreous to the Stony Texture which occurs in 
the Refrigeration of Melted Basalt,’* Phil. Trans., 1804), proved, as respects basalt 
(that of Rowley Hill near Dudley), when a mass of it weighing seven hundred- 
weight was melted and slowly cooled in an irregular figure, that according to the rate 
of cooling of the various parts, was the structure, one passing from the vitreous to the 
stony. The silicates forming common glass may, as is well known, by slow cooling, 
be made to pass into a stony state. We have made many hundreds of experiments 
upon the melting and recrystallization of igneous rocks, even succeeding in the 
r^uction of certain granites into a glass, and again rendering this glass stony. The 
varied chemical composition of the substances which may be reduced to the vitreous 
state is quite sufficient to show that obsidian is a mere rock-glass which can be formed 
under the requisite condition of comparatively rapiti cooling from very different 
compounds. We have reduced portions of some stratified rocks to this state. This 
is by no means difficult to accomplish when a moderate amount of lime is present, so 
that silicate of lime may be produced and act as a flux, as in the ordinary smelting of 
the argillaceous iron ores of the coal measures. By a little management, slates and 
shales, with the requisite dissemination of carbonate of lime, may be converted into 
excellent pumice, intumescence being produced in the melted viscous substance by the 
carbonic acid. The experiment requires, however, to be carefully watched ; for if 
the crucible be not removed in time, the carbonic acid escapes, and the vitreous sub- 
stance alone remains, which may readily, if thought desirable, be, by slow cooling, 
rendered stony. To produce crystallization by very slow cooling requires great care, 
and, for the most part, a somewhat large portion of rock. 
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the temperature at which lava will continue to flow is sufficient to 
melt silver, lead being rendered fluid in about four minutes. 
Wliatevcr the requisite heat may be,* lava is found to retain it for 
a long series of years. 

Being a bad conductor of heat, as rocks in general are, lava, 
wlien subjected to the comparatively low temperature, to which it 
is exposed after ejection, soon covers itsell‘ with a coating of 
solidified matter. This is necessarily broken as the flow of the 
viscous mass continues beneath it, and it will be more or less 
.‘^coriaceous, according, as in cooling, it retains any cellular texture 
Ironi the passage or dissemination of vapours and gases through 
it. Hence the surface oi‘ Liva currents is often broken and rugged, 
as is represented in the accompanying view of one at Vesuvius 
(lig. 117).t Under the conditions usually obtaining during the 



flow of lava, the viscous current, at a moderate distance from the 
place of* its actual discharge, may be considered as moving in a 
kind of pipe, this breaking from time to time, as the molten rock 
in the interior tends U) drag the parts bc‘Coming solid with it. 
In this manner the pijx; will even convey the lava current up 
rising ground, should the resistance of its sides be equal to the 

]q our expcritneiite, ordinary greenstono, when poundetJ fine, and placed in a 
crucible, usually melted at about the heat required for melting copper : experiments, 
however, on so small a scale may be very deceptive, 
t Taken from Abieb’s Views of Vesuvius and Etna. 
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pressure exerted upon them. As a high angle of descent would 
be unfavourable to the proper slow cooling and quiet adjustment 
of particles needed for crystallization, MM. Dufrenoy and Elie de 
Beaumont consider that beyond a moderate angle lava does not 
take a crystalline texture. That the external character of a lava 
current should conform to the velocity of its flow, tliis depending, 
other conditions being equal, upon the amount of slope, would 
anticipated. The observer should, however, be aware that when 
crystalline minerals may be found in lava, it does not always 
follow that their particles have separated out from the other 
component parts of the mass, after the whole has been in a 
molten state. They seem to have been sometimes formed prior 
to the outflow of the lava. Of tliis a good example is stated 
to have occurred at Vesuvius in April, 1822, when fine crystals 
of leucite were included in a lava stream which issued from the 
base of a small cone occupying the crater, the comparative infu- 
sibility of the leucite crystals preserving them entire amid the 
melted rock.* In like manner should the lava be in part com- 
posed of a remclted rock containing disseminated minerals, which 
resisted the heat to which the whole was exposed, such minerals 
might upon an outflow accompany the lava stream, and be again 
dispersed amid the new mass, otherwise, perhaps, not crystalline.! 

1 1 would scarcely be expected that a molten mass, known to be 
driven about in a crater by vapours and gases, could either overflow 
tlie lip of that crater, or burst out from the sides of a volcano with- 
out having some portions of these vapours and gases intermingled 
with it, ready to escape into the air. This it would accomplish the 
easier as the lava was the more fluid, and its temperature high, 
the vapours and gases then striving most to increase their volume. 
In proportion as the molten rock cooled, and the expimsive power 
of the vapours and gases decreased, cavities would remain, cor- 
responding in size to the equalization ol‘ the resistance of the cool- 
ing rock on the one hand, and the expansi\’c power of the vapours 
and gases on the other. As these conditions varied so would the 
results ; and thus according to circumstances the hollows formed 


* Daubeny, quoting Professor Scacchi, of Naples, “Volcanos,” 2nd edit., p. 230.* 
+ In regions where volcanos traverse igneous rocks of nn older date, remclting 
portions of them, it is easy to conceive occurrences of this kind. Should a felspathio 
porphyry, containing crystals of quartz, or mica, he thus remeltod, and the heat be 
only capable of fusing the felspathic matter, these minerals may be left untouched. 
In experiments made for this purpose, we have often found this view borne out, and 
the quartz disseminated through many slogs, as, for example, in many of the first 
copper slags in the fiimaces at Swansea, affords another example of the like kind. 
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would differ from good-sized caves, lined with picturesque stalac- 
tites of lava, to small vesicles. Vapours and gases sometimes con- 
tinue to escape for a long tin^e through the chinks and cracks of 
cooling lava. 

The cavities thus produced in lavas will necessarily take dif- 
ferent shapes, according to varying conditions. Lava poured out 
so as to form a broad and comparatively deep mass, with little 
movement of importance after its outflow from a volcano, the fluid 
state long preserved, would have its cavities, large and small, 
placed under different circumstances, from a stream cooling more 
rapidly, yet still, from moving on greater slopes, continuing 
steadily to advance for a long distance. In the latter case the 
hollows and vesicles would be elongated in the direction of the 
flow, spherical cavities pulled out into almond-shaped forms, and 
irregular hollows still exhibiting a stretching in the line of move- 
ment. This elongation of vesicles may be so continued that, as in 
the subjoined section (fig. 118 ), they may become completely 

Fig. 118 . 



flattened, the tenacity of the lava being of a proper kind. \{ c d 
be a surface on which a lava stream moves, and e / a portion where 
its viscosity is such that by moving in the direction, e f, spherical 
hollows take almond-shaped forms, the lava becoming more tenacious 
towards the surface, c d, these almond-shaped vesicles would become 
flatter at a i, so as finally to present, in section, mere streaks or 
lines, giving a l a mina ted appearance to that portion of a lava cur- 
rent when cooled. Upon the solidification of the portion a i, the 
movement continuing, and the upper part gradually taking the 
tenacity previously possessed by a J, the like appearance of lamina- 
tion might happen there. Thus, as the upper part of a sheet of 
lava may, as regards loss of fluidity, and the friction of the viscous 
upon the solid outside pjrtion, be also placed in a somewhat siiiiihir 
condition as the lower part, a laminated character may more or 
less be given to a considerable portion of a stream of lava. The 
conditions needed, no doubt, require nice adjustment, but they ai*e 
such as would appear occasionally to prevail. 

Mr. Darwin, describing the laminated obsidian beds of tlie Island 
of Ascension, and comparing them with llic zoned and laminated 
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cliaxacter of obsidians and different volcanic rocks of other localities, 
mentions, with another cause of laminatioii, the stretching and 
flattening of vesicles by the flow of those rocks in a pasty state.* 
It has also been noticed by Humboldt, and other geologists, and is 
often to be seen in cabinet specimens. 

Sometimes vapours and gases escape through molten lava, either 
for the time occupying portions of craters, or flowing as streams, 
producing the most fantastic forms. The annexed sketch (fig. 

Fig. 119. 119) represents a somewhat regular ac- 

^ cumulation of lava from this cause. It 

M was seen by Mr. Dana, in the crater of 

Im Kilauea, in Hawaii, and rose as a whole, 

^ to the height of about 40 feet. “ It had 

been formed over a small vent, through 
which the liquid rock was tossed out in 
/fwf dribblets and small jets. The ejected 
A falling around, gradually raised the 

column above was then built 
from successive drops, which were 
tossed out, and fell back on one another; being still soft, they 
adhered to each other, lengthening a little at the same time while 
cooling. I 

The following is also (fig. 120) an example of the like kind 
observed by Dr. Abich,t at Vesuvius, in 1834, scoriaceous lava 
being gradually built up into a hollow column by the additions of 
portions of pasty matter adhering to each other when thrust out of 
the general molten mass by a current of vapour or gas. In a 
similar manner, great blisters are sometimes raised, which bursting 
on one side, parts, sufficiently hard, remain, and any molten lava 
inside flowing out, singular cavities are left. Indeed, the varieties 
of hollows left by the consolidation of‘ lava, and arising either from 
the intermixture of vapours and gases, or from the flow of the fluid 
rock, partially or wholly, out of inequalities in lava streams, or 
their tubular cases, would appear to be endless. 

Much instruction may be derived from studying the eruptions 
from small vents, either in the craters of volcanos, when such can 

♦ “ Geological Observations on the Volcanic Islands visited during the Voyage of 
H.M.S. Beagle,” p. 62, &c. 

t ** Geology of the United States’ Exploring Expedition,” 1828—42, p. 177. 
Mr. Dana mentions other similar examples, some on a miniature scale, about Mauna 
Loa. The figure of a man has been added to the original sketch by Mr. Dana, in 
order to give a general idea of the height of the volcanic projection. 

t ** Geolugischer Erscheinungen beobachtet am Vesuv und Aetna,” Berlin, 1887. 
The height of the excrescence rox^rcsented is only eight feet. 
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be approached, or on their sides, where they are also sometimes 
found, not only as respects vapours and gases, but also the discharge 
and mode of accumulation of fluid and viscous lava, cinders, and 

Fig. 120. 



ashes. In some vents the molten rock is not much intermingled 
with the vapours and gases, at others it becomes frothy by intimate 
admixture with them ; the mineral matter occupying much the 
less portion of the compound. Occasionally the uplifting of the 
mass merely raises the lava, so that it falls over the accumulations 
around the vent, not uncommonly more or less conical ; at other 
times portions of the molten mass are suddenly caught and wliirled 
high up into the air, acquiring a spheroidal form by their motion.^ 


* Respecting these volcanic hombg^ as they have been termed, Mr. Darwin, remark- 
ing on those fonnd in the Island of Ascension (Volcanic Islands, p. 36), which exhibit 
a cellular interior, inside a shell of compact lava, observes, that if we suppose a 
mass of viscid, scoriaceous matter, to be projected with a rapid, rotatory motion 
through the air, whilst the external crust, from cooling, became solidified, the centri- 
fugal force, by relieving the pressure in the interior parts of the bomb, would allow 
the heated vessels to expand tholr cells ; but these being driven by the same force 
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When only ejected short distances, they fall around, squashing into 
irregular and rough discs, and by their multiplication forming a 
coating, which may, or may not, be intermingled with scoriaceous 
cinders, now and then discharged in showers. Small lava streams 
sometimes burst from these conical accumulations, and the le- 
sistances of the sides Ixiing overcome, and cracks being formed, the 
molten matter mny be seen to rise in them. Many of the effects 
ol‘ volcanic action on tlie large scale may thus, in miniature, be 
conveniently observed. 

Although conical accumulations round an aperture mark the 
effects of volcanic action from it, driving out ashes and cinders, 
large and small, with patches of frothy molten rock, and streams of 
fluid and viscous lava, more or less radiating from a vent, the whole 
braced together by more or less vertical bands of lava, which have 
entered cracks, effected irom time to time in the general mass; 
this is not necessarily the case with all, nor with all parts of a 
mountain of which one or more of these conical accumulations 
may fbmi a part. As respects cones, the accompanying* view of 

Fig. 121. 



against the alreaay-iiardciiuil crust, would become, the nearer they were to this part, 
smaller and smaller, and less expanded, until they became packed into a solid con- 

centrie shell.” ^ 

* Taken from the Voyage de Humboldt ct Bonpland, Atlas Pittorestjue, PL X , 
Paris, 1810. Explosions from Cotopaxi are heard at great distances. In 1744, the 
bcllowings from the mountain were heard at Honda, 200 common leagues distant. 
Humboldt and Bonpland hoard them day ami night at Guayaquil, 52 leagues distant 
in a straight line. They ere like repeated discharges of a battery. I>uring the 
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Fig. 122. 



Cotopaxi will illustrate the production of one of great 
size, its beautifully regular shape* showing how well 
adjusted the volcanic forces, and the substances acted on, 
must have been for its formation. As to its volume, that 
of course affords no measure of the time which the 
cone may have taken for its production, but it shows 
the great mass of volcanic matter which seems thus 
heaped by successive coatings into this shape*! The 
manner in which such a mountain may be braced together 
by lava currents and dykes we know not. Certainly the 
general form would lead us to infer a great amount of 
ashes and cinders, including among the latter large ejected 
masses of viscous, scoriaceous, and frothy (pumicy) lava, 
forced through a vent keeping in one place during the 
accumulations. 

Mauna Loa, and Mauna Kea, in Hawaii, also lofty vol- 
canic mountains, the former considered to be 13,760 feet, 
and the latter 13,950 feet above the sea,J appear to afford 
much modification in structure from that found at Coto- 
paxi, one also marked by tlieir outlines, as shown by the 
accompanying sketch of Hawaii (fig. 122), taken from the 
eastward.§ Maps and descriptions show that Hawaii 
(which, as Mr. Dana remarks, is one of a group about 400 
miles in length, ranging from N.W, to S.E., the islands 
composing it being merely the higher points of mountains 
rising above the sea) is a mass of volcanic matter, with 
three principal elevations, Loa, Kea, and Hualalai.|| The 


eruption of April, 1768, the quantity of cindere vomited from the crater 
was so great, that in the towns of Hambato and Tocunda night was pro- 
longed to three o’clock on the 5th, and the inhabitants were obliged to go 
about with lanthoms. The eruption of 1803 was preceded by the sudden 
melting of the snow on the volcano. For 20 years previously neither 
vapour nor smoke had issued from it. In a single night, the cone became 
so much heated, that, the snow being mel^d, it appeared black from the 
scoriae alone. 

Humboldt (Kosmos) points to the form of Cotopaxi as at once the 
most regular and most picturesque of any volcanic cone which ho had ever 
seen. 

t According to Humboldt (Kosmos), Cotopaxi rises to the height of 
19,070 (English) feet above the sea. 

X According to Dana, Geology of the United States* Exploring Expe- 
dition,*’ 1838—42. 

§ Ibid., p. 159. 

li Mr. Dana remarks (*^ Geology U. S Exploring Expedition,** p. 158), “ Besides the 
three lofty summits there are great numbers of cratexf in all conditions scattered over 
the slopes, some overgrown with forests, while about others streams of lava, now hard 
and black, may be traced along their route for miles. Areas, hundreds of square 
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remarkable crater in activity is that of Kilauea, on the flank of 
Loa, and distant about 20 miles * from its summit. 

Ellist described the crater as situated on a lofty elevated plain 
bounded by precipices, apparently sunk from 200 to 400 feet 
below its original level. ‘‘ The surface of this plain was uneven, 
and strewed over with loose stones and volcanic rock, and, in the 
centre was the great crater.” * * ♦ « Immediately before us 
yawned an immense gulf, in the form of a crescent, about two 
miles in length, from N.E. to S.W., nearly a mile in width and 
apparently 800 feet deep. The bottom was covered with lava, 
and the S.W. and northern parts of it were one vast flood 
of burning matter in a state of terrific ebullition, rolling to 
and fro its ‘ fiery surge’ and flaming billows. Fifty-one conical 
islands, of varied form and size, containing so many craters, rose 
either round the edge, or from the surface of the burning lake ; 22 
constantly emitted columns of grey smoke, or pyramids of brilliant 
flame ; and several of these at the same time vomited from their 
ignited mouths streams of Java, which rolled in blazing torrents 
down their black indented sides into the boiling mass below.” * * * 
“ The sides of the gulf before us, though composed of different 
strata of ancient lava, were perpendicular for about 400 feet, and 
rose from a wide horizo ntal ledge of solid black lava of irregular 
breadth ; but extending completely round, beneath this ledge, the 
sides sloped gradually towards the burning lake, which was, as 
nearly as we could judge, 300 or 400 feet lower. It was evident 
that the large crater had been recently filled with liquid lava up 
to this black ledge.” 

• The descriptions of this crater given by other observers, J corre- 
sponds generally with that of Mr. Ellis, due allowance being made 
for modifications, such as might be expected in a volcanic vent of 
any kind. The following is an eye-sketch plan (fig. 123) of 
Kilauea, made during the visit of the United States’ Exploring 


miles in extent, are covered with the refrigerated lava flood, over which the twistings 
and contortions of the sluggish stream as it flowed onward are everywhere apparent ; 
other parts are desolate areas of ragged scoriae. But a few months before our visit 
(1840) a surface of 15 square miles had been deluged with lava, which came by an 
underground route from Lua Pele (Kilauea).” 

* Mr. Dana gives the distance as 19 ' 8 miles, and the height of Kilauea as 3,970 
feet above the sea, quoting Mr. Douglas (“Journal of the Geographical Society,” 
vol. iv.), as estimating it from barometrical measurements at 3,845*9 — 3,873 • 7 feet, 
and Strzelecki at 4,101 feet. 

f “ Tour in Hawaii.” London, 1826. 

X Mr. Douglas, “ Journal of the Geographical Society,** vol. iv. ; Captain Kelly, 
“ American Journal of Science,’* vol. xl. ; Count Straelecki, “ New South Wales and 
Van Diemen’s Land,** and others. 
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Expedition, under Captain Wilkes, to Hawaii. It well exhibits the 
cliffs surrounding the cavity, seven miles and a half in circuit, as 
also the great ledge above mentioned. Combined with the follow- 
ing section given by Mr. Dana,* it strongly suggests the idea of 

Fig. 123. 



an extensive area of molten rock, rising and falling according to 
the uplifting force of the time, this somewhat suddenly changing, 
as is not unfrequent in volcanic action, so that, in some states, 
vertical walls would be formed from the lowering of the fused 
mass, while at others this might again fill the cavity, and even 
overflow. In the following section (lig. 124), which is taken across 


Fig. 124. 



the shortest diameter (scale equal for height and distance), m m' 
the whole breadth of the crater in that line, o n, o' n* the black 
ledge, p p' the bottom of the lower pit, n p, n' p' the walls of the 
lower pit, 342 feet in height, and m o, m' o' the walls above the 
black ledge, 650 feet in height. Mr. Dana describes the beds exposed 
by the cliffs, as nearly horizontal, and the crater as being, at the 
time of his visit (November, 1840), somewhat in a tranquil state ;t 

♦ “ Geology of the United States * Exploring Expedition,” p. 174. 

t The descriptions given of the arrangement of the beds, and of other facts con- 
nected with this crater, have an important theoretical bearing. “ These bluff sides of 
the pit,” he observes, “ consist of naked rock in successive layers ; and in the distance 
they look like cliffs of stratified limestone. The layers vary from a few inches to 
30 feet in thickness, and are very nearly horizontal. They are much fissured and 
broken, and some have a decidedly columnar structure. Open spaces or caverns and 
ragged cavities often separate the adjacent layers, adding thus to the broken cha- 
racter of the surface, and at the same time giving greater distinctness to the strati- 
fication. The black ledge varies in width from 1,000 to 8,000 feet. With such 
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one, however, still variable. During subseqent examinations by 
the United States' Exploring Expedition, in December, 1840, and 
January, 1841, the lava was observed both to rise and fall in a 
marked manner, independently of minor oscillations. On one 
occasion, Dr. Judd had but just time to escape from a sudden 
uprise and overflow of one of the molten pools, which discharged a 
mass of liquid lava, not only over the spot where he was standing 
immediately prior to this upburst, but also over a mile in width 
and a mile and a half in length. The volume of lava then ejected 
was afterwards estimated by Captain Wilkes at 200,000,000 cubic 
feet. The next morning (January 17, 1841) the molten lava of 
the chief lake was ascertained to have subsided about 100 feet. 

Proceeding from Kilauea to Mokua-weo-weo, the crater on the 
summit of Loa, over a slope described as one, on the average, of 
only 6°, a volcanic vent is found of much the same general character 
as that of the former. The annexed sketch (fig. 125) is a reduction 
of that given by Captain Wilkes.* The deepest part of the crater 
is nearly circular, and about 8,000 feet in diameter. The walls are 
described as nearly vertical, stratified like those of Kilauea, 784 
feet high on the west side, 470 on the east.f An eruption of this 
crater occurred in 1843, so that Mauna Loa may be considered as 
still active. It has been remarked by Mr. Dana, as an interesting 


dimensions, it is no unimportant feature in the crater. The lower pit is surrounded 
by vertical walls, which have the same distinctly-stratified character as those above, 
and are similar in other features. More numerous fissures intersect them, indicative 
of the unstable basis on which they rest,” * ♦ * The south-west extremity formed a 
partly-isolated basin, of an oval form, and contained a large boiling lake. “ The 
rest of the bottom of the pit, at the time visited by the author, was a field of hardened 
lava, excepting two small boiling pools, one on the western side, the other near the 
eastern,” p. 174. 

Describing the day scene, Mr. Dana states, that the “ incessant motion in the blood- 
red pools was like that of a cauldron in constant ebullition. The lava in each boiled 
with such activity, as to cause a rapid play of jets over its surface. One pool, the 
largest of the three then in action, was afterwards ascertained by survey to measure 
1,500 feet in one diameter, and 1,000 in the other, and tliis whole area was boiling, as 
seemed from above, with nearly the mobility of water.” * * * “ On descending 
afterwards to the black ledge, at the verge of ^e lower pit, a half-smothered gurgling 
sound was all that could be heard from the pools of lava. Occasionally there was a 
report like that of musketry, which died away, and left the same murmuring sound, 
the stifled mutterings of a boiling fluid,” p. 171. 

“ The dense white vapours rose gracefiilly from many parts of the black lava plain, 
and the pools boiled and boiled on without any unnecessary agitation. The jets 
playing over the boiling surface darted to a height of 10 or 12 yards, and fell again 
into the pools, or upon its sides. At times, the ebullition was more active, the 
cauldrons boiled over, and glowing streams flowed away to distant parts of the crater : 
and then they settled down again, and boiled as before, with the usual grum murmur. 
Thus simple and quiet was the action of Loa Pele,” p. 176. 

* Narrative of the United States' Exploring Expedition,” vol. vi. 

t Dana, “ Geology of Exploring Expedition,” p. 206. 



336 


CRA^TEB OF MAUNA LOA, HAWAII. 


[Ch. xvn. 


&ct 9 that thiB outbreak did hot affect Eilauea, though a great 
lateral crater on the same volcanic dome, 10,000 feet lower down 
its side. The mass of lava seems to have burst out of cracks 
around the summit of the mountain, and in one instance a subter- 
ranean channel for a portion of the molten rock was observed.* 



* Mr. Dana quotes from the Missionary Herald,*' vol. xxxix., p. 381, and vol. xl., 
p. 44, an account of this eruption, in order to render it more publicly known to 
scientific persons. For the like reason we insert a portion of it here, not only as it is 
in itself geologically important, but also as it is stated that only a somewhat limited 
number of Mr. Dana’s valuable work has been printed. Tbe Rev. T. Coan states 
that, On the morning of January 10, 1843, before day, we discovered a small 
beacomfire near the summit of Mauna Loa. This was soon found to be a new erup- 
tion on the north-eastern slope of the mountain, at an elevation of near 13,000 feet. 
Subsequently, the lava appeared to burst out at different points lower down the moun- 
tain, from whence it flowed off in the direction of Mauna Kca, filling the valley 
between the mountains with a sea of fire. Here the stream divided, one part flowing 
towards Waimea, northward, and the other eastward towards Hilo. Still another 
great stream flowed along the base of Mauna Loa to Hualalai in Kona. For about 
four weeks this scene continued without much abatement. At the present time, 
after six weeks, the action is much diminished, though it is still somewhat vehement 
at one or two points along the line of eruption.” Mr. Coan ascended the mountain, 
IMissing fields of scoriaceous and smoother lavas, and regions at times still steaming 
and hot. Soon,” he continues, “ we came to an opening in the superincumbent 
stratum, of 20 yards long and 10 wide, through which we looked, and at the depth of 
50 feet we saw a vast tunnel, or subterranean canal, lined with smooth vitrified 
matter, and forming the channel of a river of fire, which swept down the steep side 
of the mountain with amazing velocity. As we passed up the mountahi we found 
several similar openings into this canal, through which we cast stones; these, 
instead of sinking into the viscid mass, were borne along instantly out of our sight. 
Mounds, ridges, and cones were also tb^wn up along the line of the lava stream, 
from the latter of which, steam, gases, and hot stones were ejected. At three o’clock 
wp reached the verge of the great crater, where the eruption first took place, near the 
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From all accounts respecting the mineral volcanic products in 
Hawaii, the ejection of cinders and ashes would appear to be com- 
paratively rare. They are, however, occasionally thrown out, 
though in quantities relatively too small to produce much influence 
in the arrangements of the other and common volcanic products 
which have accumulated in a molten state. It is stated that, 
during an eruption of Kilauea in 1789, ashes and cinders were 
abundantly ejected, darkening the air, and destroying some men 
forming part of an army then on its march; and Mr. Dana 
mentions that near Kilauea, “ a few miles south and south-east, 
great quantities of a pumice-like scoria, with stones and sand, are 
believed to have been thrown out at this time.”* 

An uplifting of liquid lava in the craters, and a rending of the 
solid rocks around them, or further down on the flanks of the great 
volcanic mounds, through which the molten rock is discharged, 
would appear the characteristic action of the Hawaian volcanos. 
Mr. Dana has well stated this mode of eruption, which he terms 
the quiet mode. Alluding to Kilauea, he remarks, “ The boiling 
pools of the lower pit have gradually filled this (the lower) part of 
the crater with their overflowings, each stream cooling, and then, 
in a few hours or days, followed by another and another overflow 
in different parts of the vast area, till the rising bottom became as 


highest point of the mountain. Here we found two immense craters close to each 
other, of vast depth, and in terrific action.” 

To queries transmitted by Mr. Dana, Mr. Coan replied as follows : — “ The angle 
of descent down which the lava fiowed from the .summit to the northern base of 
Mauna Loa is 6°; but there are many places on the side of the mountain where the 
inclination is 10°, 15°, or 25°, and even down these local declivities of half a mile to 
two miles in extent, the lava fiowed in a continuous stream. This was the fact, not 
only during the fiow of several weeks on the surface, but also in that wonderful .flow 
in the subterranean duct, described in the “Missionary Herald.” There was no 
insurmountable barrier in the way of the fiow from the summit of Mauna Loa to the 
base of Mauna Kea, a distance of 25 or 30 miles. The stream sometimes struck 
mounds or hillocks, which changed its course for a little space, or around which it 
fiowed in two channels, reuniting on the lower side of the obstacle, and thus sur- 
rounding and leaving it an island in the fiery stream. Ravines, caves, valleys, and 
depressions were filled up by the lava as it passed down the slope of the mountain, 
and between the two mountains. In conclusion, I may remark that the stream was 
continuous for more than 25 miles, with an average breadth of 1^ mile, and flowed 
down a declivity, varying from to 25°.” — Dana, “ Geology of the United States’ 
Exploring Expedition,” p. 210. 

♦ Mr. Dana (“ Geology of the United States* Exploring Expedition,” p. 181) 
quotes from a “ History of the Sandwich Islands,” published by the Rev. J. Dibble, 
at Lahainaluna (Island of Maui), in 1843, an account from the lips of those who were 
in the body of men thus partly destroyed by the eruption. A large volume of cinders 
and saxfd is noticed as thrown to a great height, and as falling in a destructive 
shower for many miles around. Some of the men appeared to have been killed by 
this shower of cinders and ashes, and others to have perished firom an emanation of 
heated vapour or gas. 

Z 
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higkas the black ledge.” * ♦ * “ The black ledge is finally flooded, 
and the accumulation reaches the maximum which the sides of the 
mountain can bear.” The pressure increases, and passages are 
broken out for the molten rock. “ In some cases, on the side of 
the island where the escape takes place, the first indication of the 
eruption is the approach of the flowing lava. We should not imply 
that the land is proof against earthquakes, for slight shocks not un- 
frequently happen, and they have been of considerable force during 
an eruption. But earthquakes are no necessary attendants on an 
outbre^ at Kilauea. It is a simple bursting or rupture of the 
mountain from pressure, and the disruptive force of vapours, in 
consequence of which the mountain, thus tapped, discharges 
itself.”* 

The mode of Assuring seems to have been well observed in the 
eruption from Kilauea in June, 1840. The fissures are noticed as 
at first small. Those through which the molten lava poured 
formed series at intervals. Through the last twelve miles there 
were several rents, two or three in some places running nearly 
parallel. The mass of lava derived from these several fissures 
reached the sea, on coming into contact with which it became 
shivered like melted glass cast into water. Into the sea it continued 
to flow for three weeks, and the waters were so much heated that 
the shores were strewed with dead fish for the distance of twenty 
miles. The depth of the lava is considered to have averaged 10 or 
12 feet, though in some places only 6 feet thick. The area covered 
by it was estimated at about fifteen square miles. The lower pit 
of Kilauea, calculated to have held 15,400,000,000 cubic feet of 
molten matter, was emptied by the outflow of the lava through the 
fissures.t The settling down of the lava in Kilauea would appear 
always to accompany these eruptions.^ 

The lavas of Hawaii seem to have been usually very fluid, judging 
from the mode in wliich they occur. That they are so now in 
Kilauea seems generally admitted. The production of the capillary 
volcanic glass, known at Hawaii as Pele^s Hair,\ is an interesting 
example of this fluidity. Mr. Dana, who witnessed its formation 

♦ “ Geology of the United States * Exploring Expedition/’ p. 195. 
t Mr. Dana estimates that this gives the best measure of the amount of lava poured 
out during this eruption. As measured by the amount of matter observed on tlie 
surface, a much less quantity was erupted, estimated in this way at 5,000,000,000 
cubic £eet. 

t A very considerable eruption from the mountain, of which Kilauea forms a part, 
is recorded to have recently taken place, during which a large volume of lava was 
ejected. 

§ Pele is the reputed principal goddess of the volcano. 
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at one of the pools of melted lava, states that “ it covered thickly 
the surface to leeward, and lay like mown grass, its threads being 
parallel, and pointing away from the pool. On watching the 
operation a moment it was apparent that it proceeded from the jets 
of liquid lava thrown up by the process of boiling. The currents of 
air, blowing across these jets, bore off small points, and drew out a 
glassy fibre, such as is produced in the common mode of working 
glass. The delicate fibre floated on till the heavier end brought it 
down, and then the wind carried over the lighter capillary ex- 
tremity. Each fibre was usually ballasted with the small knob 
which, was borne off from the lava-jet by the winds.”* 

In the flow of the lava outburst from Kilauea in June, 1840, 
the molten rock, as it passed amid forests, not only enclosed the 
stems of individual trees, leaving cylindrical holes from the total or 
partial destruction of the wood, but sometimes also adhered to the 
branches, descending from them in the form of stalactites. In 
these latter cases the heat is described as having been barely suf- 
ficient to scorch the bark, though the branches were clasped by the 
molten rock. Should the branch have contained much fluid 
matter, we can suppose that, the heat and fluidity of tlie lava being 
great, aqueous vapour from the bark may have prevented actual 
contact with it for a time sufficient for the passage of the lava 
stream at a height at which the branches could be entangled in it.-f 
The lava descending suddenly from this height, by the lowering of 
the general level of the fluid stream as it passed onwards, the 
sudden exposure to the atmosphere would preserve, by quickly 


• 

* “ Geology of the United States* Exploring Expedition,** p. 179. 

t The summary given by Mr. Dana of the effects of this flow of lava amid the 
forest ground, is highly interesting in many respects. “ The islets of forest trees,’* 
he states, “ in the midst of the stream were from one to fifty acres in extent, and the 
trees still stood, and were sometimes living. Captain Wilkes describes a copse of 
bamboo which the lava had divided and surrounded ; yet many of the stems were 
alive, and a part of the foliage remained uninjured. (“ Narrative of Exploring 
Expedition,** vol. iv., p. 184). Near the lower part of the flood the forests were 
destroyed for a breadth of half a mile on either side, and were loaded with the 
volcanic sand ; but in the upper parts Dr. Pickering found the line of the dead trees 
only 20 feet wide. The lava sometimes flowed around the stumps of trees, and as the 
tree was gradually consumed, it left a deep cylindrical hole, sometimes 2 feet in 
diameter, either empty or filled with charcoal. (Mr. Dana refers here to similar facts 
observed by M. Bory de St. Vincent at the Isle Bourbon, Voyage aux Isles 
d'Afrique,** 1804). Towards the margin of tlie stream these stump holes were innu- 
merable, and in many instances the faUen top lay near by, dead, but not burnt. 
Dr. Pickering also states that some epiphytic plants upon these fallen trees had begun 
again to sprout.** The fact is then mentioned of the lava depending in stalactitic 
forms from the branches of the trees, “ and although so fluid when thrown off from 
the stream as to clasp the branch, the heat hod barely scorched the bark.** — “ Geology 
of the United States* Exploring Expedition,** p. 191. 

Z ? 
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cooling, tihe adhering and depending portions, so that little heat 
acted on the branches.* The case would be different where the 
heated lava continued to surround the lower parts of the trees. 
Whatever may have been the moisture preventing immediate 
contact, as the cooling proceeded, a time would come for the scorch- 
ing, if not actual burning of the included stems. 


* The results attendant on plunging a highly-heated body into a liquid have been 
long known at the manufactories of crown-glass. These have of late attracted much 
attention, especially from the experiments and reasoning of M. Boutigny, the vapour 
or steam preventing actual contact in the first instance, so that the plung^ body does 
not acquire the temperature that might at first be expected. In crown-glass works it 
has been, from time immemorial, the practice to plunge the melted and very highly- 
heated glass in some of the first processes, after removal from the melting-pot, into 
cold water, to reduce the temperature. This does not fracture the glass, the steam 
produced preventing contact between the highly-heated glass and the water. In after’ 
processes with the same piece of glass, a mere drop of water is employed to sever a 
large attached glass stem, the heat being now so reduced that contact, with its conse- 
quences, is immediate. It is not a little interesting, at great crown-glass works, to 
see both effects, frequently produced at' the same time, and within the distance of a 
few feet. 
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Cotopaxi and the volcanos of Hawaii, though useful in showing 
how modified the results of volcanic action may be, and pointing to 
differences in that action of no slight importance to the observer, 
seeking for facts to guide him to the knowledge of its probable 
,cause> have yet been so recently known to us, that, when studying 
the changes which may have taken place in volcanic vents, he 
must look to volcanic lands of which there may be records extending 
back a few centuries, at least, for the requisite data. Fortunately 
lor this inquiry the volcanos of Italy have engaged attention for 
many centuries. Vesuvius offers an excellent instance of a volcanic 
vent which, after remaining long dormant, somewhat suddenly be- 
came active, nearly 1800 years ago, and has more or less continued, 
with intervals of various length, in that state ever since. After a 
repose, not known to have been interrupted during a long period,* 
suddenly, on the 24th August, 79, after earthquakes of several 
days* duration, cinders and ashes were furiously driven out, partly, 
no doubt, a portion of the old volcanic accumulations. Their 


* A very excellent condensation of our information respecting the ancient, inter- 
mediate, and modern states of Vesuvius, will be found in Daubeny’s Description of 
Active and Extinct Volcanos,” 2nd edition, 1848. 
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abundancje was so great that three cities, Stabise, Pompeii, and 
Herculaneum, were overwhelmed by them (p. 124). We may 
assume that lava currents were also vomited forth out of the 
volcano at this eruption, one, apparently, of the greatest of Vesu- 
vius on record. There then seems to have been a state of repose, 
or at least of only minor movements insuflScient to create attention, 
for 134 years, when another eruption occurred, succeeded by a 
similar interval of quiet for 269 years, when there was an outburst 
so considerable as to cover a portion of Europe with ashes.* There 
were then intervals between the eruptions, the accounts of which 
have reached us, of 40, 173, 308, 43,t 13, 89, 1, 167, 194, 131, 
29, 22, 12, 3, and 1 years, bringing them down to 1698. “ From 

tliat time to the present,’’ observes Dr. Daubeny, respecting Vesu- 
vius, “ its intervals of repose have been less lasting, though its 
throes perhaps have diminished in violence ; for the longest pause 
since that time was from 1737 to 1751, and no less than eighteen 
distinct eruptions are noticed in the course of little more than a 
century, seveml of which continued with intermission for the space 
of four or five years.” f 

Even supposing the earlier recorded eruptions of Vesuvius to be 
only approximations to the real number, some being omitted which 
would now not fail to be noticed, the irregularity of the intervals 
of considerable activity would still be so far marked as to point to 
inconstancy in the final conditions upon which a marked eruption 
depends. At the same time, also, the different intensity of the 
eruptions themselves leads to the same inference. Not only was 
the crater of Vesuvius so tranquil, prior to the great outburst of 
79, as to be clothed with vegetation, that crater occupying the de- 
pression now known as the Atrio del Cavallo, (the present Monte 
Somma forming a portion of its ancient walls,) but also between 
the eruptions of 1500 and 1631, the crater of the period was 
covered with herbage, § as those of earlier times may have been 

♦ When reference is made to the depth of cinders and ashes now found covering 
Stabiffi, Pompeii, and Herculaneum, it is needful to recollect that a portion of them 
may have been accumulated during eruptions such as this, and at other subsequent 
times. 

t A great eruption, in 1036, during which much lava was poured out, as is stated, 
from the crater as well as from the sides. 

X “ Description of Volcanos,” p. 226. 

§ ** In the interval between the eruption of 1500 and 1631, the mountain put on the 
appearance of an extinct volcano, the interior of the crater, acc.ording to Braccini, 
being, in 1611, covered with shrubs and rich herbage, the plain called the Atrio del 
Cavallo overgrown with timber and sheltering wild animals, whilst in another part 
there were three pools, two of hot and one of cold water, and two of these impregnated 
with bitter salts.”— Daubeny, “ Description of Volcanos,” p. 235. 
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between other long intervals of repose following the great eruption 
of 79. 

Etna also becomes valuable for the length of time during which 
its outbursts have been noticed. According to researches respect- 
ing the earlier eruptions of this volcano,* the year 480 B.C., or 
thereabouts, would appear that to which any marked outburst can 
be traced during historic times. This would give us about 2,332 
years, for, if not of all, of at least a considerable number of the 
chief eruptions of this volcano, the geological records of the activity 
of which would appear to extend far beyond this comparatively 
limited time. Taking the early historic notices for the value they 
may possess, including that of 480 B.C., there liave been marked 
eruptions recorded between that date and the commencement ol‘ 
tlie Christian era. With the exception of a lapse of time between 
396 B.C., and 140 B.c. (256 years), the outbursts noticed occurred 
at intervals of 53, 31, f 5, 10, 3, 66, 12, and 8 years. They thus 
correspond in frequency with those recorded between A.D. 1284 
and the present time.J From A.D. 40, or thereabouts, to 1169, the 
eruptions from this volcano did not, apparently, receive much 
attention. If‘ we assume that this lapse of time had not been one 
of repose more than those which preceded and followed it, Etna 
seems to have been a somewhat active volcano for the time above 
mentioned (2,332 years). 

The volcanos of Iceland have also been known as more or less in 
activity during a long lapse of historic time. Of the known 
marked outbursts of Hecla there have been 23, including that of 
1845, since 1004 or 1005. These have varied in intensity and in 
the length of the intervals of repose between them. The eruption 
of 1845 appears to have driven out avast abundance of cinders and 
ashes, the latter carried, by the movements of the atmosphere to 


A tabic of the dates of the eruptions of Etna and Vesuvius, taken from Yon Hoff’s 
** Gcschichte dcr Yeranderungen der Erdoberflache.” with some few additions, is 
given by Hr. Daubeny, in his “ Description of Yolcanos,” 2nd edition, p. 289. 

t Respecting this eruption of 396 b.c.. Dr. Daubeny mentions (“ Description of 
Yolcanos,’’ p. 283), that the stream of lava which then stopped the march of the 
Carthaginian, army against Syracuse, is to be seen on the eastern slope of the moun- 
tain, near Giarre, extending over a breadth of more than two miles, and having a 
length of 24 from the summit of the mountain to its final termination in the sea. The 
spot in question is called the Bosco di Aci ; it contains many large trees, and has a 
partial coating of vegetable mould, and it is seen that this torrent covered lavas of an 
older date which existed on the spot.” 

X From 1281, the intervals of repose have been, in years, 45, 4, 75, 33, 1, 1, and 82. 
Then a continuance of small eruptions for 58 years (1566 to 1624), after which the 
intervals were 9, 11, 9, 15, 13, 6, 1, .5, 8, 21, 12, 12, 8, 4, 4, 3, 14, 1, 6, 5, 6, 1, 1, 2, 7, 2, 
8, 12, 1, and 10 years (in December, 1842), calculated from the table in Daul^y's 
“ Description of Yolcanos,” p. 289 — ^291. 
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great distances.* From Kattkgiau-jokuU there have been seven 
eruptions since the year 900, While thus these volcanos have 
vomited forth molten rock, cinders, and ashes at intervals for 
845 and 950 years, eruptions from other vents of the same great 
volcanic mass of Iceland, such as Krabla, of which there were four 
outbursts during the last 125 years, have also taken place. 
Another great volcano, Skaptar-jokuU, previously dormant, as far 
as the historic records of that land extend, suddenly became active 
m 1783. During this eruption, which was preceded by earth- 
quakes over the whole of Iceland, and the ejection of volcanic 
matter in the adjacent sea, considerable masses of lava were thrown 
out, according to Sir George Mackenzie, "f* from three different 
points, about eight or nine miles from each other, on the lower 
flanks of the mountain, spreading in some places to the breadth 
of many miles. Of the 20 volcanic vents, as Dr. Daubeny has 
pomted out, which have ejected lava, cinders, or ashes during the 
950 years since Iceland was colonized, “ eleven have liad but one 
eruption, and amongst these four only occurred within the last cen- 
tury ; whilst of the remaining nine, Myrdalls-jokull, Skaptar-jokull, 
Sandiells-jokull, Skeidarar-jokull, Keykianes, Hecla, and Krabla 
alone would appear to be active at present ; Trolladyngia having 
had no eruption since 1510 ; Oroefa-jokuU none since 1362 ; and 
others having been for a nearly equal time in a state of qui- 
escence.”J 

While Vesuvius, Etna, and volcanos in Iceland thus afford in- 
formation as to alternate, but irregular, intervals of repose and 


“ On the 2nd of September, 1845, the day of the eruption of Hecla, a Danish 
vessel, near the Orkney Islands, at a distance of 115 Danish miles (about 500 English) 
from the volcano, was covered with ashes/* — Daubeny, “Volcanos,” 2nd edition, 
p. 307. According to Professor Forchammer (PoggendorflTs “ Annalen,” vol. Ixvi , 
1845), the cinders and ashes, so abundantly discharged, were ejected from three vents 
on the south-west slope of Hecla, and the lava lirom a fourth, situated a little distance 
beneath them. The eruptions continued in force on the 12th of the following month 
(October), the lava still flowing. The eruption did not finally cease, though there 
were intervals of repose, until the commencement of March, 1846. 

t “ Travels in Iceland,*’ 2nd edition. Noticing this .eruption from Skaptar-jokull, 
in 1783, Sir George Mackenzie states, that in January of that year, volcanic eruptions, 
represented as accompanied by flame, rose through the sea, about 30 miles from Cape 
Reyluanes, and that several islands were observed^ as if upraised, a reef of rooks now 
existing where these appearances occurred. “ The flames lasted several months, 
during which vast quantities of pumice and light slags were washed on sl^ore. In the 
beginning of June earthquakes shook the whole of Iceland ; the flames in the sea 
disappeared ; and the dreadful eruption commenced from theSkaptar-jdkull, which is 
ni^ly 200 miles distant firom the spot where the marine eruption took place.” 

Ihe eruption of 1783, is stated to have thrown out such an abundance of cinders 
and ashes that the whole island was covered by them. The ashes were wind-borne as 
far as Holland. 

X Daubeny, “ Descripliou of Active and Extinct Volcanos,” 2nd edition, p. 306. 
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activity,* the eruptions themselves, differing in intensity, the two 
former dtiring the lapse of more than 2,000 years, and the latter 
approaching towards a period of l,000,t Stromboli, a volcanic vent 
rising through the sea between Naples and Sicily, has been equally 
marked, for more than 2,000 years, as exhibiting the same amount 
of activity. ** No cessation,” as Dr. Daubeny remarks, ‘‘ has ever 
been noticed in the operations of this volcano, which is described 
by writers antecedent to the Christian era in terms which would be 
well adapted to its present appearance.”:]; There seems a constant 
boiling of molten matter in the crater, a louder expfosion occurring 
at regular intervals with an escape of steam, and the throwing out 
of blocks of lava to a considerable height. § From the smaller and 
lower of three apertures within the crater, ‘‘ a small stream of lava, 
like a perennial spring, is constantly flowing.” || 

Not only do ancient and modern records thus afford the needful 
information respecting both intermittent and continued volcanic 
action for 2,000 years and more, but also as regards the cessation of 
the same action for so long a period, that the volcanic vents so cir- 
cumstanced form a kind of transition from active volcanos to those 
commonly termed ‘'extinct.” The last stream of lava which 
issued from Monte Eotoro, in Ischia, is that of 1302, known as 
Arso. The only traces of volcanic action now existing in this 
island are its hot springs. Thus no eruptions of molten rock, 

* Selecting Hecla from the table given by Dr. Daubeny (“ Volcanos,” p. 314) ana 
taken from Garlieb Island rucksichlich seiner Vulcans,” &c., Freiberg, 1812), 
with additions, it would appear that its marked eruptions, commencing with that of 
1004, have occurred at intervals of 25, 75, 9, 44, 47, 18, 72, 46, 34, 16, 46, 74, 44, 29, 36, 

& 11, 57, 35, 26, 12, 6, and 73 years, th6 last terminating with the eruption of 1845. 
l^he intervals between the outbursts of Trolladyngia, commencing with the eruption 
of 1150, were 38, 171, 116, and 35 years. For 340 years (since 1510) this vent has 
been quiet. While Hecla has shown the most constancy in position amid the vol- 
canic vents of Iceland, active at various intervals for the last 846 years, and while 
single eruptions have only been known at other points, certain vents have shown 
themselves active during the lapse of the same time for a few yean only. Thus 
eruptions are recorded at Beykianes as occurring in 1222, 1223, 1226, 1237, and 1240, 
altogether only for 18 years, since which time they have ceased. At Krabla, also, 
they commenced in 1724, were repeated in 1725, 1727, 1729, and in 1730, after which 
none have occurred. At Skeidarar-jdkull eruptions began in 1725, were repeated in 
1727 and 1728, and terminated with one in 1753. The outburst of Sandfells-jdkull in 
1748 is recorded as continued, probably, with intervals of repose, to 1752, the eruptions 
being mentioned as annual for that time. 

t The volcano of Eldborgarhraun, in Iceland, is inferred to have had an eruption 
in the year 850. 

I “ Description of Volcanos,” 2nd edition, p. 247. 

§ Hofftnann, PoggendorflTs “ Annalen,” 1832. 

II Daubeny, “ Description of Volcanos,” p. 247. “It flows down the mountain,” 
Dr. Daubeny states, “ in the direction of the sea, which, however, it never appears to 
reach, becoming solid before it arrives at that point. Some portions, however, of the 
congealed mass are continually detached, and roll down into the sea.” 
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cinders, or ashes have taken place at that old volcanic vent for 
about five centuries and a half. It may not be improbable, from 
ancient writings and modem appearances, tliat at the promontory 
of Methana (fonnerly Methone), on the coast of Greece, volcanic 
forces were in activity, and had not finally ceased in the time of 
Strabo, though since then that volcanic vent has remained qui- 
escent* Dr. Daubeny infers, from Livy and Julius Obsequens, 
tliat the volcanic action observable in the Alban Hills (Central 
Italy) may have continued down to historic times.t 

The eruption at the promontory of Metliana may, it would 
appear, have been sudden, a considerable mound having been tin ust 
up, or accumulated in a short time, in the manner of Jorullo4 
which rose above the Mexican plain, in about four months, t<» the 
height of 1,G00 feet, or the still more rapid production of the Monte 
Isuovo, near Naples, which, in about two days, attained an altitude 
of 440 leet, with a circumference of about a mile and a half. 
These sudden outbursts are important as regards the causes of’ 
volcanic action, more especially when no appearance of a previous 
volcanic vent, seems to have presented itself*. It would apj)car tliat 
prior to June, 1759, the area upon which Jorullo now stands was 
covered by plantations of indigo and sugar, bounded by two brooks, 
the Cuitiniba and San Pedro. In June, subterranean noises, accom- 
panied by earthquakes, commenced, and lasted fifty to sixty days. 
In September, all aj ^xiared again tranquil, but on the 28tluind 29th 
<»f that month the subterranean noises were repeated, and accord- 
ing to Humboldt, an area of three or lour square miles rose up 
like a bladder. This uprise is considered to be marked by an 
elevation of 39 feet aroimd the edges of the ground thus inoved^ 
one continuecl to the height of 524 feet towards the centre of the 
present volcanic district. The subsequent eruption was very violent, 
fragments of rock being ejected to great heights, cinders and ashes 


* Dftubeny, ** Volcanos/* p. 328. It would appear that at that time the volcano 
was sometimes so hot as to be inaccessible, aud to be visible afar off at night, the sea 
also being heated near it. The bills of the peninsula, according to Virlet (*' Kx|>e' 
dition Scientifique de Morec,” 1839), are 741 metres (2,431 English feet) above Uie 
sea, and he jnfers that among the igneous rocks of different dates there found, the 
last volcanic action, here noticed, occurred on the western part of the peoinsula, 
where the trachyte presents a black and scoriaceous aspect. 

t He observes Volcanos," p. 170) that, ^tliere are indeed some passages in 
ancient writers which might lead us to suppose a volcano to have existod among these 
mountains even at a period within the limits of authentic history, for Livy notices a 
sliower of stones, which continued for two entire days, from Mount Albano, during 
the Second Punic War ; and Julius Obsequens, in his work * De Prodigiis,* remarks 
that in the year 640, A.U.C., the hill appeared to be on fire during the night." 

X Daubeny, DeKription of Volcanos," p. 327. 
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thrown out in abundance, and the light emitted being visible at 
considerable distances. The Cuitimba and San Pedro poured 
themselves into the new volcanic vent. “ Thousands of small 
cones, from 6 to 10 feet in height, called by the natives Homitos 
(ovens), issued forth from the Malpays. Each small cone is a 
fumcrole, from which a thick vapour ascends to the height of from 
22 to 32 feet. In many of them a subterranean noise is heard, 
which appears to announce the proximity of a fluid in ebullition.'' 
Six volcanic masses, varying from 300 to 1 ,600 feet in height, were 
thrown up from amid these cones, out of a chasm having a N.N.E. 
and S.S.W. direction. From the north side of the highest (Jorullo) 
a considerable quantity of lava was ejected, containing fragments 
of other rocks. The great eruptions terminated in February, 1760. 

Eespecting Monte Nuovo, the first indications of* its production 
were noticed on the 28th of September, 1538, when, according to 
an eyewitness,* the sea-bottom near Puzzuoli became dry for 1300 
yards, and the fish left upon it were carried away in waggons. At 
eight o'clock next morning the ground is reported to have sunk, 
where the volcanic orifice afterwards appeared, about 13 feet. At 
noon the earth began to swell up, and became as high as the Monte 
Rossi, and from the vent formed, fire, stones, and ashes were 
ejected, so that finally the hill took the form now seen. For 70 
miles around the volcano the country was covered with ashes, 
killing birds, hares, and smaller animals, and breaking down 
trees. Monte Nuovo is 439 English feet high, and has a crater in 
its centre 420 feet deep, according to M. Dufrenoy. At the bottom 
there is a cavern, at the extremity of which Professor James Forbes 
found a spring issuing with a temperature of 182° *5. 

These instances of the sudden production of volcanic vents on 
dry land (and when we consider the chances for observing and 
recording them, they were probably far more numerous within the 
last 1,000 years) are sufficient to show that the uprise of volcanos 
through the sea would be expected amid and around volcanic 
islands and regions. In the atmosphere they retain their forms, 
such as are presented at Jorullo and Monte Nuovo : raised through 
the level of the sea, the stability of such portions depends, as above 
mentioned (p. 70), upon the power of the volcanic mass to resist 
the action, first, of the breakers, and, secondly, of the wind-waves, 
where the former may have cut it down to the proper depths. 

* Francesco del Nero. A letter of his to Niculo del Benino of Naples, and sent to 

Rome in 1538, was first published in Leonhard's “ Jahrbuch fur Geologie,** 1846, and 
Daubeny gives a translation of it, Description of Volcanos,” 2nd edition, p. 208. 
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The volcanic outbursts of this kind between Pantellaria and Sicily, 
off the coast of Iceland, and among the Azores, have been already 
noticed (pp. 70 and 100), To these may be added (as showing 
how much depends on the opportunity and ability to have such 
submarine terminating in sulmerial eruptions recorded, and the 
range of time during which they have been known), the mud, 
smoke, and flame noticed by Strabo as rising through the sea amid 
the Lipari Islands, and the flame also rising there above its level 
during the Social War, as mentioned by Pliny.* 

Volcanic accumulations would appear sometimes to rest upon 
considerable hollows, and also to liave large cavities distributed 
among them, the portions covering or surrounding which being 
either unable to resist the pressure of the suj)erincumbent weight, 
even in the tranquil periods of a volcano, or broken tlirough during 
eruptions, the volcanic matter falls in, or water retained amid the 
cavities is ejected. Of the falling in of volcanic accumulations, 
depressions sometimes taking the place of protrusions, many 
instances are given ; but of those which liappen to have become 
known, the disappearance of Papandayang, a volcano of Java, in 
1772, would seem to be most remarkable. Papandayang, formerly 
one of the largest volcanos in Java, was situated on the south- 
western part of that island. After a short but violent paroxysm, 
and about midnight, between the 11th and 12th of August, a 
luminous cloud enveloped the mountain. The inliabitants ol‘ the 
sides and foot of the volcano betook themselves to flight, “ but 
before they could all save themselves, the whole mass began to give 
way, and the greatest part of it actually fell in and disappeared 
in the earth.” This was accompanied by sounds like the discliar^e 
of heavy cannon, and an abundance of volcanic substances were 
thrown out and spread around the adjoining country. The area 
thus swallowed up was estimated as measuring fifteen by six miles. 
Forty villages are stated to have been partly swallowed up, and 
partly destroyed by the volcanic substances thrown out, and 2,957 
inhabitants perished. Persons sent to examine the locality found 
the heat of the substances surrounding it, and piled up to the 

* Detailing the evidence on his head, Dr. Daubeny (** Description of Volcanos,’* 
p. 253) asks if the comparatively recent origin of the Island of Lipari itself may not 
be inferred from its present fertility as compared with the sterility ascribed to it by 
Cicero. He also points to the fresh condition of the craters of this island, as observed 
by Hoffinan, the hot springs and stufes at Ban Calogero, near the town of Lipari, and 
the statement of Btrabo that this island emitted a fiercer fire than Btromboii, as per- 
haps showing that an active volcano may have existed in it even within the historical 

period. 



Ch. XVIII.] FISH LIVING IN CAVITIES OF VOLCANOS. 349 

height of three feet, so great, that they were unable to approach the 
spot six weeks afterwards.* 

Cavities amid volcanic accumulations may not only be partially 
or wholly filled by water, the condensation of aqueous vapours, 
finding their way into them, or rain or melted snows upon the ex- 
terior of a volcano percolating to them, but the waters also may be 
sometimes of a temperature and kind, permitting the existence and 
increase of animal life. Humboldt records, that “when, in the 
night of the 19th Jime, 1698, the summit of Carguairazo (18,000 
French feet in heightf), fell in, leaving two immense peaks of 
rock as the sole remains of the wall of the crater, masses of liquid 
tufa, and of argillaceous mud (lodazalef!)^ containing dead fish, 
spread themselves over, and rendered sterile a space of nearly two 
square German miles. The putrid fevers, which seven years 
before prevailed in the mountain town of Ibarra, north of Quito, 
were attributed to the quantity of dead fish ejected in like 
manner from the volcano of Imbaburu.”J The fish here noticed 
(Pimelodus cychpum\ Humboldt further informs us, “multiply 
by preference in the obscurity of the caverns possibly, also, there 
may be something in the temperature of the waters. He observes, 
that it was in consequence of these discharges of waters, pent up 
in volcanic cavities, that the inhabitants of the plains of Quito 
became acquainted with these little fish, called by them Prefiadilla. 

That the waters of such hollows and cavities are not always thus 
fitted for the existence and increase of animal life would be ex- 
pected, when the observer reflects upon the varied conditions 
under which they are likely to occur. As an example of the 
^ects produced by the admixture of gaseous volcanic emanations 
with the waters in such reservoirs, we may adduce the great flow 
of acid water which accompanied an eruption of the Javanese 
volcano of Guntur, or Gounung Guntur, in 1800, when not only 
streams of lava were poured out (a rare circumstance, it would 
appear, among the Javanese volcanos, commonly ejecting little 
else than cinders and ashes), § but also an acid torrent. A river 

Dr. Horsfield, as quoted by Dr. Daubeny, ** Description of Volcanos,*’ 2nd 
edition, p. 406. 

t 19,200 English feet. 

t Kosmos, 7th edition (Sabine’s Translation), p. 222. Thisihot has long since been 
mentioned by Humboldt in his earlier works. 

§ In a letter to Dr. Daubeny (“ Description of Volcanos,** p. 409), Mr. Beete Jukes, 
alluding to Uie almost entire absence of hard rock on the surface of the ground in the 
volcanic districts of Java, infers, that the Javanese volcanos had long ceased to 
erupt lava, and have for ages been burying the previous streams under piles of ashea 
and powder.** 
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deeoending from this volcano is described as suddenly swelling, 

charged with a large quantity of white, acid, sulphurous mud.” 
On the 8th of Octoter of that year, “ the waters came pouring 
down into the valley, carrying everything before them, sweeping 
away the carcases of men and sundry animals, and covering the 
face of the country with a thick coat of mud.” On the 12th, a 
still greater “ deluge of mud” came down the valley. Such sudden 
increases of the volume of water would seem to point to its dis- 
charge from extensive cavities where it was, for tlie time, pent up, 
and where it became impregnated with sulphuric acid, derived, as 
Dr. Daubeny points out, from the decomposition of sulphuretted 
hydrogen gas.* 

Without uselessly multiplying examples of the discharge of con- 
siderable volumes of water, apparently pent up in the hollows of 
volcanos, it may be mentioned tliat, in 1755, a volume of water 
was suddenly discharged from a cavern below the great crater of* 
Etna, and that, dashing over the snows and side of the mountain, 
it destroyed and carried before it a large amount of matter. 
Torrents of water are stated to have issued from Vesuvius during 
the great eruption of 1631, but whether from caverns amid the 
accumulations, or as the result of the somewhat sudden condensation 
of large volumes of aqueous vapour discharged from the crater, i.s 
not clear. Be this as it may, the collection of waters amid volcanic 
accumulations, would appear the needful consc*quence of* the exist- 
ence of such cavities, and of the condensation of aijucous vapour 
in, or the in61tration of rain or melted snow into them. These 
outbursts require to be carefully distinguishetl from the torrents 
descending the sides of volcanos more or less covered by snow, 
either in the higher northern and southern latitudes, or rising 
above the line of perpetual snow in the temperate or tropical 
regions. The suddenly- melted snows of CoU>paxi (fig, 121^ pour 
down the furrows on its sides, as in the eruption of 1^(I3, wlien, 
in a single night, the snows disappeared from the cone, and the re- 
sulting torrents of water transported cinders and ashes into the Kio 
Napo and the Rio de los Alaques.'f* Humlnjldt refers generally to 
the high volcanos of the Andes as thu.s, by the sudden melting of 
their snows transporting smoking scoriae among the lower lands, 
and producing great inundations.^ Similar effects necessarily 

* Dftubeny («* DMeriptUm of Volcanot," p. 40S), quoting Boon Motch, * 
de looondlii Montiiun Jmym,** 1S26, who obtoioed bit iiifumiEtioii from Keiiiwardt, 
the Dutch timveUar in Java. 

t “ Voyaged* Humboldt et Bonptand,** Atlas, Art. Cotopasi, Paris, ISlU. 
t Kotmos, 7th Englbh edition (Habine), p. 221 . 
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follow similar causes in the temperate regions. Probably, however, 
the consequences of the sudden melting of snow and ice from 
volcanic action are nowhere so great as in the higher latitudes, 
where large glaciers, holding, or supporting mineral matter, are 
broken up, and partly melted and partly in fragments, are hurried 
onwards to the lower levels. The accounts given of the effects 
thus produced in Iceland show, that the torrents, so caused and 
intermingled with ice, are of no slight geological importance. 
Altliough, under ordinary circumstances, so little mineral matter 
appears capable of being moved on Victoria Land (p. 249), it is 
easy to conceive that, during considerable eruptions of such volcanos 
as those of Mount Erebus and Mount Terror, great heats may sud- 
denly melt the snows clothing these mountains, producing large 
volumes of water, which may continue liquid for a time sufficient 
to furrow into, and carry off' scoriaj and ashes, usually bound to- 
gether by, and, to a certain extent, not unlrequently interstratified 
with, the great snow covering of those regions. 

It is needful well to consider the mineralogical structure and 
chemical composition of the various volcanic products, whether 
these may be in the form of lava streams, of molten rock which 
has risen in, and more or less filled fissures, of scoriaceous sub- 
stances of considerable bulk, or of those lighter bodies commonly 
known as pumice, cinders, and ash. Though much lias been 
accomplished, more especially of late years, respecting this know- 
ledge, the discoveries in chemistry greatly advancing such inquiries, 
and though some apparently sound general conclusions have, from 
time to time, been formed, it will be evident, before certain of 
these can be fully admitted, however they may be applicable to 
the particular localities noticed, that, lookinir at the distribution of 
volcanic vents over the surface of the globe, an observer possesses 
ample opportunities, by careful research in various parts of the 
world, of still further advancing our knowledge in this respect. 

Whether the solid volcanic rocks are crystalline, stony, or ^dtreous, 
will, as we have seen (p. 325), often in a great measure depend 
upon the conditions as to cooling, to which they have been 
exposed, all other circumstances being the same.* Hence the 

* It is very essential, in such investigations, to bear the other equality of con- 
ditions in mind, for there may be circumstances much modifying the external parts of 
lava currents. Thus M. Dufrcuoy Mmoires pour servir h une Description 
logique de la France,'’ t. iv.) mentions having found that two-thirds of the interior of 
a lava current near Naples were formed of a mineral which could be acted upon by 
acids, while the surface was principally composed of one not so attackable. In like 
manner, also, as has been remarked by Mr. Dana Geology of the Uidted States* 
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chemical composition of volcanic rocks, which have been ejected 
and flowed in a molten state, may often be the same, notwith- 
^ standing the diflerent states of mineral aspect, if the adjustnatnt 
of the particles composing certain crystalline minerals has been pre- 
vented by the absence of the needful conditions, such as by a sudden 
refrigeration of the mass, these particles would remain diffused. 

The solid volcanic products most studied and known to us have 
been divided into rocks named trachyte and dohrite. Minerals of 
the felspar fiunily constitute essential portions of these rocks, en- 
tering more extensively into the composition of trachyte than into, 
that of dolerite. Both rocks may be also viewed as silicates, chiefly 
of alu min a, lime, magnesia, potash, and soda. Trachytes are indeed 
considered “chemically trisilicates, with or without an excess of 
silica.”* Trachyte may, however, according to the definitions 
given, also contain free silica or quartz, and the separate minerals 
mica, hornblende, or augite. Dolerite is composed of the felspar 
known as labradorite and of augite, and the term augite rock is 
sometimes ^ven to this compound. In this latter rock the pro- 
portion of silica is diminished, and that of lime and magnesia 
increased, f This classification of the more solid volcanic products 
into two main divisions, however convenient as affording facilities 
for investigation, is found to need such modification, that an inter- 
mediate class of rocks, termed trachyte-dolerites, has been proposed 
by Dr. Abich, in which the composition partakes of the mineral 
characteristics of both trachyte and dolerite. With respect to 
changes in chemical composition, Dr. Daubeny remarks, that “ the 
gradual increase of soda is likewise a remarkable circumstance, 
modem lavas appearing to contidn a much larger quantity of it 
than the volcanic products of ancient periods, and various minerals 
being hence produced in which this alkali is predominant (natrolite, 
nepheline, thomsonite, &c )J 


Exploring Expedition,** p. 203), a body of molten and very liquid lava kept long boil- 
ing or simmering in a volcanic vent, like Kilauea, in Hawaii, may have certain of 
its parts separable, the more especially as the temperature may increase in any column 
of lava in proportion to the pressure upon its parts. 

♦ Daubeny, “ DescriptioD of Volcanos,** 2nd edition, p. 15. 
t Respecting the diminution of silica, Dr. Daubeny observes (“ Description of 
Volcanos,** 2nd edition, p. 17), that it is “ indicated by the substituUon of labradorite 
for orthoelaee, or, In othar words, of one atom of silica instead of three, coupled %rith 
the presence of hornblende or augite, in both which minerals the silica bears a still 
•miller proportion to the base with which it is combined.** Rammelsberg (« Dic- 
tionary of Mineralogy,** Berlin, 1841) is quoted as pointing to augite as where 

R is either lime, magnesia, protoxide of iron, or protoxide of manganese, the silica 
oMng sometimes also replaced by aJumina, as is also the case in hornblende. 

X “ DeseripUon of Volcanos,’* p. 19. 
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It is highly needful that the observer should most carefully study 
the mode of occurrence of these rocks in volcanic districts, as he will 
readily perceive that if their somewhat general sequence be from 
the traohytic to the doleritic compounds, as has been supposed, an im- 
portant change had been effected as to the conditions under which 
the earlier and later substances have been ejected from volcanos. 
The subject requires to be regarded on the large scale, and due 
weight given to those modifications arising, as will be further noticed 
hereafter, from the admixture of matter derived from various rocks, 
amid which mineral volcanic products may have had to pass before 
they were finally ejected. 

In such examinations the chemical composition of the rock, more 
especially when the minerals noticed may be either ill developed, 
or their component parts have been unable to collect together in 
definite arrangements, is evidently of* importance. The rock-glasses, 
or obsidians, may as well belong to one class as the other, and so 
also certain stony varieties, wherein any real development of dis- 
tinct minerals has not been effected. Dr. Abich has proposed the 
relative specific gravity of volcanic rocks as affording great aid in 
ascertaining the amount of silica in them, a view in which Dr. 
Daubeny would appear to concur, remarking that in these rocks 
“ the specific gravity of the mineral is inversely as the amount of 
silica, and directly as that of the other bases, so that a near approxi- 
mation may often be obtained to their chemical composition by 
merely ascertaining their weight.”* 

When assuming chemical composition from mineral structure, 
and that the substances constituting the base of certain definite 
f()rms are constant, it is necessary not only to distinguish the 
minerals themselves, but also to give due weight to the replacement 
of some substances by others, without altering the form of the 

* Description of Volcanos/' p. 13. The following table is given in illustration : — 

Specific Gravity. Silica per Cent. 


Trachytic porphyry . . 

. . . 2*5783 

69*46 

Trachyte 

. . . 2*6821 

65*85 

Domite 

. . , 2*6334 

65*50 

Andesite 

. . . 2*7032 

64*45 

Trachyte-dolerite . . 

. . . 2*7812 

57*66 

Dolerite 

. . . 2*8613 

53*09 


Clinkstone, with a specific gravity of 2 •5770, and containing 57*66 of silica, and 
glassy andesite, specific gravity 2*5851, with silica 66*55, not harmonising with this 
view, it is remorked, that though clinkstone chemicaUy resembles trachyte-dolerite, 
it ** has a different mineral composition, for it appears to be a mixture of a seolitio 
mineral with glassy felspar,” and that probably the same may apply to glastw 
ande^te.’* 

2 a 
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mineral.* The amount of matter of different kinds which may, as 
it were, be entangled with that which gives the form, has likewise 
to be regarded, the entangled matter being sometimes more con- 
siderable than might at first be supposed, compelled, as it were, by 
that considered essential to the mineral, to take the arrangement of 
parts belonging to it.t 

Carefully searching for facts illustrative of the conditions under 
which the mineral matter ejected from volcanos may have been 
derived in the first place, or modified afterwards, it is essential to 
apply for aid to chemistry as well as mineralogy, important as the 
latter may be. The passage of vapours and gases through, or their 
entanglement in, lavas, whether solid, somewhat vesicular, or highly 
cellular, as pumice, is often sufficient to produce modifications re- 
quiring great attention. Again, after cooling, with cavities in them 
of various sizes, containing matter partly gathered together out of 
the mass of the containing rock, and partly from extraneous sources, 
lavas may not only be modified in their composition, but minenil 
substances may be formed in them of a different character from 
those which would have separated out from the original fused rock. 
Again, also, lavas, from exposuiv to atmospheric influences, may 
have lost some of the soluble substances originally entering into 
their composition. Thus no little care is required in the selection 
of portions of a volcanic rock which shall properly represent its 
original condition, as regards its chemical character. 

As the felspathic minerals enter so largely into volcanic rocks, and 
indeed constitute a considerable part of igneous rocks, viewed gcnc- 

* Before engaging in investigations of this kind, the observer should make himf^lf 
acquainted with the bodies termed iMmorpfumSf or those which replace each other 
without causing any alterations in the structure of minerals. In inquiries into the 
chemical composition of rocks a knowledge of these substances is highly important. 
Thus, for example, magnesia, lime, protoxide of iron, and protoxide of manganese, 
replace each other in any proportion. As M. Dufrenoy has well remarked Traite 
de Mineralogie,** tom. i., p. 19), ** it is not necessary ,*in order to present the same com- 
position, that minerals should exactly contain the same weight of their simple con- 
stituent substances ; it is sufficient that there is an exact relation between the bases 
and the acids they contain, or between their isomorphous substances.’' 

t This power of one compound to compel others to take its crystalline form is of 
no little importance, in estimating the chemical composition of rocks. These 
admixtures are clearly mechanical iu some instances, as, for example, in the well- 
known crystalilxed sandstone, as it Is sometimes termed, of Fontainebleau, where 
grains of sUieaoos sand, in large quantity, are entangled in carbonate of lime, so 
eiystalllsed as to iodiide them without destroying iU form. Artificial compounds 
may be made, in which Urge proportions of some substances may be mlngl^ with 
others, the fundamental crystalline form of the former remaining uninjured ; thus, 
for instance, M. Bendani succeeded in producing crystals of the form of sulphate of 
iron, which contained 85 per cent, of sulphate of sine, the remaining 15 per cent, only 
bdag the proportion of the substance giving the form to the crystals Annaiet des 
Mines," 1817, t U., p. 10). 
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COMPOSITION OF THE FELSPARS. 
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Also oxide of copper 0*3. 
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rally, the annexed table (page 355) of their chemical composition 
and specific gravities, by Dr. Abich,’*' may be found useful. 

From the same author has also been compiled the following table 
of the chemical constituents of several trachytes and other volcanic 
rocks : — 


— 

1 

2 

B 

D 

D 

B 

D 



10 

Silica. • • • 

73*46 

68-35 








49-21 

Aliimina. . . 

13*05 

13 92 

15*63 

17 18 

17*21 

13*19 

17*56 

20*80 

12-04 

16-76 

Oxide of iron . 1 

1*49 

2*28 

4*59 

l5-46 

(4-84 

i0*17 

4*74 

6-73 

4*30 

9*25 

11*84 

———manganese 

trace. 


. • 

0-32 

0-82 


,, 

6*97 

Lime ... I 

0-45 

o*a» 

2-25 

1*52 

1*43 

3C9 

5-46 

2*70 

8*83 

Magnesia • . 

0*39 

2-20 

0 97 

0*23 

2-07 

8*^6 

2*76 

! 1*40 

7*96 

6*01 


4-39 

3*24 

3*56 

4*37 

7*16 

2*18 

1*42 

8*10 

|4*76 

1 

(4-37 

16*06 

Soda .... 

6*98 

4*29 

607 

7*98 

4*64 

4-90 . 

6*82 

5-90 

i — 


1. Porphyritic trachjrte, with mica, from Ponza. 2. Porphyritic trachyte from 
Monte Guadia, Lipari. 3. Trachyte from the Drachenfcls. 4. Lava from Monte 
Nuovo. 5. Lava, named Arso, Ischia. 7. Trachyte-dolerite from the Peak of 
Teneriffe. 8. Rocca di Giannicolo, Val del Bove, Etna. 9. Dolerite of Strombolino. 
10. Lava of Vesuvius. 

The annexed table has been constructed from the analyses of the 
lavas from Vesuvius and Monte Somma, as given by M. Dufrdnoy : — 


— 

n 

2 

3 

4 

5 

Silica .... 

53*10 

50-55 

49*10 

50*98 

48*02 

Alumina . . . 

16*58 

20-30 

22-28 

22*04 

17-50 

Protoxide of iron . 

9*% 

8-60 

7*32 

8*39 

7-70 

Lime ..... 

3-34 

5-20 

3*88 

5*94 

0*24 

Magnesia • . . 

1-16 

1*21 

2-92 

1-23 

9*84 

Soda ..... 

9*46 

8-42 

9*04 

8-12 

2*40 

Potash .... 

2-23 

2*52 

3*06 

3*54 

12-74 

Loss 

4*17 

3*20 

2*40 


1-56 

Increase .... 

** 

• * 

*• 

0*24 

*• 


1. Lava of Palo. 2. Lava of 1834, taken immediately below the Piano. 3. Lava 
of Ganatello. 4. Lava from La Scala. 5. Monte Somma, mean of two analyses. 

Comparing the composition of the lavas of Vesuvius with those of 
Monte Somma, M. Dufrdnoy points out, that while the latter are 
almost unattackable by acids, those of the former are in a great 
measure soluble in them, in about the proportion of 4 ; 1 ; and that 
while the lava of Monte Somma contains a large proportion of 
potash, in that of Vesuvius soda predominates.-f- 


* ** Ueber die Natur und den Zusammenhang der vulkanischen Bildungen,” 
Brunswick, 1841. 

t Parallele eotre les differents products volcanlques des environs de Naples, et 
rapport entre lenr composition et les phraom^es que les ont produit Mdmoires 
poor servir a une Description Gdolo^ue de la France, t. iv., p. 381, (1838), 
M. Dnfrdnoy adds, that this difference of composition is also apparent in the minerals 
CSBunon to the two lavas, the augite of Monte Somma having a base of iron, while 
that of Vesovius enters among the calcareous varieties, such as sahlite. 
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Eespecting lava replete with vesicles or cells (pumice), the fol- 
lowing analyses are taken from Dr. Abich 


— 

1 

2 

3 


D 


B 

8 

9 

Silica 

Silica and Titanic acid . 

60*79 

61*08 

62*42 

f2*29 

62*04 

68-11 

! 

69*79 

^ 73*77 

73*70 

1*46 

1*45 

0*74 


, , 

1-2.4 

1 • • 

• ■ 

• • 

Alumina. .... 

16'43 

17*34 

14-72 

16-^ 

16-53 

8-21 

i 12-31 

‘ 10 83 

18-27 

Oxide of iron . . . 

4*26 

7*77 

6-84 

4-15 

4-43 

1 8-23 

I 4*66 

; 1*80 

2-31 

- — — manganese • 

0*23 

0*62 

0*18 

trace 

• . 

j trace 

1 .. 


. , 

Lime 

0-62 

1*46 

5 25 

1*24 

1*31 

0-14 

i 1*68 

1-21 

0 65 

Magnesia .... 

0-79 

4*02 

3*28 

0*50 

0-72 

! 0-37 

' 0-68 

, 1*30 

0-29 

Potash 

11*25 

2-85 

4*74 

6-21 

6-39 

! 8 39 

1 6 69 

, 4-29 

4-52 

Soda 

2*97 

1 82 

1*55 

3 98 

3*66 

1 1-60 

2 02 

3-90 

4*73 


l. Pumice from Teneriffe. 2. From the Island of Ferdinandea. 3. From the 
volcano of Arequipa, Bolivia. 4. From the Island of Ischia. 5. From the Phlegrean 
Fields. 6. From the Island of Pantellaria. 7. From the Island of Santorino. 
8. From Llactacunga. 

According to Professor B. SUllinan, jun,, the modem lava and 
volcanic glass of Kilauea, Hawaii, not only contain a considerable 
amount of oxide of iron, but also soda, to the exclusion of potash, 
all the constituent substances varying much in their relative pro- 
portions."!* 


* << IJeber die Natur und den Zusammenhang der vulkanischen Bildungeo,’* 
Brunswick, 1841. 

t Dana, Geology of the United States’ Exploring Expedition,” p. 200, whence the 
following analyses are extracted ; — 


— 

1 

2 

3 

4 

Silica 

39*74 

51*93 

50-67 

59*80 

Alumina . . . 

10*55 

14*07 



Protoxide of iron . 

22*29 

10*91 

33-62 

31*33 

Lime 

2*74 

6*20 

3*66 


Magnesia . . . 

2*40 

1*73 

1 1*13 

1*71 

Soda ..... 

21*62 

6*31 

10*52 

4*83 


1. Dark-coloured Pele’s Hair. 2. Scoria. 3. Compact vitreous lava. 4. Compact 
stony lava. 3 and 4 are from the same specimen, the former constituting the exterior 
portion of the latter. 

Mr. Dana also gives the following analysis of Pole’s Hair by Mr. Peabody, which 
agrees with the above as to the large proportion of protoxide of iron, but differs from 


it by giving potash 

Silica 50*00 

Protoxide of iron . . . .28*72 

Lime 7*40 

Alumina 6*16 

Potash 6*00 

Soda 2*00 
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The following axe analyses of rock-glasses, or obsidians, from 
different parts of the world, showing their variable composition : — 


— 

1 

2 

3 

4 

5 


T 

Silica 

60*.5r 

62*70 

74*05 

74*80 

84*00 

70*34 

69-46 

Alumina « . . 

19*05 

16*98 

12*97 

12*40 

4*64 

8*63 

2*60 

Oxide of iron . . 

4*22 

4*98 

2*73 

2*03 

5*01 

10*52 

2*60 

manganese 


0*39 

0*12 

. . 


0*32 

, , 

Lime ..... 

0*59 

1*77 

0*28 

1*96 

2*39 

4*56 

7-54 

Magnesia .... 

0*19 

0*82 


0*90 


1*67 

2*60 




4*15 

6*40 



7*12 

Soda 

3*50 

4*35 

5*11 

•• 

3*55 

3*34 

5*08 


1. From Teneriffe (Abich). 2. Island of Procida (Abich). 3. Lipari (Abich). 4. 
Tclkebanya (Erdmann). 5. Iceland (Thomson). 6. India (Damour). 7. Tasco 
(Berthier). 


As olivine and leucite are minerals often entering largely into 
volcanic rocks, it is useful that the observer, while estimating the 
chemical composition of those in which they may occur, should 
bear in mind that the former is a silicate of magnesia and pro- 
toxide of iron [(Mg, Ycf Si], and the latter a silicate of potash 
and alumina (K^ Si^ + 3 Al Si^).* He should also recollect that 


* The following analyses may aid in showing the similar composition of olivine 
from various localities. Several others might be added of the same kind 


— 

1 

2 

3 

4 

5 

Silica 

mi 

40*45 

41*54 

41*44 

40*12 

Magnesia . . . 


50*67 

50*04 

49*19 

44*. 55 

Protoxide of iron . 

8*17 

1 8*07 

8*66 

9*72 

15-32 

manganese 

0*20* 

0-18* 

0*25 


0*29 

Alumina. . . . 


1 0*19 

0*06 

0*16 

0*14 


* Peroxide of manganese. 


1. From the Vogelsberg, Giessen (Stromeyer), contains also 0*37 protoxide of 
nickel. 2. Kasalthoff, Bohemia (Stromeyer), contains also 0*33 protoxide of nickel. 
3. Isceweise (Walmstedt). 4. Le Puy, Vivarais (Walmstedt), contains also 0*21 of 
lime. 5. Monte Somma (Walmstedt), 


As respects this mineral, it is highly interesting to find that the olivine found in 
the meteoric iron of Siberia and Otumba, South America, should possess a similar 
composition. 



2 



Silica 1 40*86 

38*25 



Magnesia . . . | 47*35 

49*68 


j 

Protoxide of iron . | 11*72 

11*75 


i 

1 manganese: 0*43 

1 

0*11 



1. From Siberia (Berzelius). 2. From Otumba (Stromeyer). * 

With respect to leucite, the two following analyses, the first from Vesuvius, by 
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augite is a silicate of lime and magnesia* (Ca® Si® + Mg’ Si®), 
labradorite, a silicate of alumina, lime, and sodaf (R Si + A1 Si), 
orthoclase (potash-felspar), a silicate of alumina and potashj (K Si 
+ Xl Si®), albite (soda-felspar), a silicate of soda and alumina § 
(Na Si + A1 Si®). 

The chief substances entering into the composition of volcanic 
rocks are the silicates of alumina, oxide of iron, lime, magnesia, 
potash, and soda, the fusibility of the different compounds of which, 
constituting distinct minerals, varies, the rocks into which augite, 
or that into which silicate of lime enters most largely, being the 
easiest of reduction to the fluid state by heat. As labradorite like- 
wise contains a considerable proportion of silicate of lime, and is 
more fusible than orthoclase (the potash-felspar), both the minerals 
entering into the composition of dolerite render it much more 
fusible than trachyte, chiefly formed of the potash-felspars. Sili- 
cate of lime may indeed be considered as a characteristic substance 
in the dolerites, while it is comparatively rare in the trachytes, 
that is, of those in wliich true orthoclase predominates. || In 
localities, therefore, where trachytic have clearly preceded dole- 


Arfvedson, and the second from Monte Somma, by Awdejew, will serve to show the 
proportion of the constituent parts : — 


— 

1 

2 

Silica .... 

56*10 

56*05 

Alumina. . . . 

23*10 

1 23*03 

Potash .... 

21*15 

20*40 



1*02 

Peroxide of iron . 

0*95 

*• 


* In the very numerous analyses which have been made of augite, the silica varies 
from 47*05 (Arendal, Gillenfelder Maar £ifel) to 57*40 (Tjdttcn, Norway), the lime 
froth 17*76 (Tyrol) to 25*60 (Achmatowsk), and the magnesia from 6*83 (Finland) 
to 18*22 (Vallee de Fassa). There is usually protoxide of iron varying from 4*31 
(Tyrol) to 26*08(Tunaberg, Sweden), as also alumina from 0*14 (Dalecarlia,) to 6*67 
(Gillenfelder Maar Eifel). 

t E being taken as § lime and J soda, the chemical composition of labradorite is 
considered to be = 53*7 silica, 29*7 alumina, 12*1 lime, and 4*5 soda. There are 
usually also small portions of potash varying from 1*79 to 0*3. 

% The chemical composition of orthoclase is inferred to be 65*4 silica, 18 aluminn, 
and 16*6 potash, a little soda and lime being included in the latter. Nicol, ** Manual 
of Mineralogy,” p. 119. 

§ Albite is considered to be essentially composed of 69*3 silica, 19*1 alumina, 
11*6 soda, part of the last often replaced by lime or potash. — ^Nicol, Manual of 
Mineralogy,” p. 124. 

II In those compounds referred to orthoclase, in which soda is more abundant than 
potash, it may be much doubted how far they really deserve the name, unless it be 
inferred, ^ith Dr. Abich, that soda and potash are both isomorphous and di< 
morphous. 
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ritic rocks, the more fusible have succeeded the least fusible pro- 
ducts — a fact of no little theoretical value. 

With respect to the diffusion of certain minerals, such as olivine 
and leucite, through the mass of a volcanic rock, having once been 
formed, that is, the component particles of the silicates of magnesia 
and protoxide of iron of the one, and the siliciites of potasli and 
alumina of the other, having been placed under the conditions 
permitting them freely to move and become aggregated in the 
definite and needful manner, these minerals may become so many 
comparatively infusible bodies amid a more fusible mass. Hence, 
by the application of a certain amount of heat, the containing 
substance, should it, for example, be any of the dolerltic mixtures, 
may be fused, while these bodies may remain unmelted, retaining 
their forms and general characters, until finally acted upon by the 
surrounding molten mass, with its large proportion of' silicate of' 
lime and alumina, forming a flux, and perhaps by a more ele- 
vated temperature. It is easy, therefore, to conceive that, as has 
been above mentioned, a lava stream may be ejected containing 
leucites, and olivines derived from the remelting of a previously- 
formed volcanic rock. Judging from the specilic gravity of dolc- 
rltcs, when cold and solid (2*94 — 2*90), leucite crystals (spec, 
grav. 2*4 — 2*5) would easily be uj^borne, rising towards the top 
of the rock in its fluid state, ready to be ejected in a lava stream. 
This would not be the case with olivine, the specific gravity of 
which (3*3 — 3*5) is greater than that of the doleiitcs, so that if 
tlie latter, containing disseminated olivine, were remelted, this 
mineral, from its little fusibility and greater weight, would have a 
tendency to descend, like any substance mechanically suspended in 
a fluid liglitcr than itself. As to augite, disseminated crystals of' 
it would, from their ready fusibility be soon melted, though their 
specific gravity would be 3 • 2 — 3 • 5. 

It may not be out of place to remark, as it has been thought 
that trachytic may have been f'ormed f'rom felspar-porphy ritic and 
granitic ro(?ks of' rnucli older date, that upon the heat to whieli 
the one or the other would be exposed, might depend the melting 
of these rocks cither partially or wholly. However silica, if 
mingled with some otlier substances, may be readily fusible, when 
once separated, as quartz, it is highly refractory, even if surrounded 
by fusiljle silicates, as may be readily tried in the laboratory, and 
seen daily in the slags in many great metallurgical works. I'lie 
felspatliic portions, which, in some granitic and felspar-porjJiyric 
rocks, contain soda as well as potash, are not diflicult of' fusion, as 
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may easily also be found by experiment. With the mica, much 
depends upon whether it is a potash, lithia, or magnesia mica. 
The second of these fuses more easily than the first, and both 
more readily than the third, which we have found, in experiments, 
still crystallized, after the fusion of a felspar-porphyry, through the 
base or paste of which crystals of it were disseminated. There 
appears no difficulty in conceiving that, upon the melting of a 
granite, composed of orthoclase, quartz, and magnesia-mica, the first, 
after fusion, may again crystallize, and envelope the two latter, 
held, mechanically suspended in the molten fluid during the fusion 
of the felspathic portion. Even supposing some of the quartz to 
ha’v^c been fused (being surrounded by a substance acting as a flux), 
upon tlic recrystallization of the orthoclase, we should expect that 
the extra amount of silica, not required for the formation of that 
mineral, would be excluded as quartz. As to the position of* any 
unmelted quartz and mica of a granite, the felspathic portion of 
which was alone fused, if the latter were wholly composed of ortho- 
clase (sp. grav. 2*53 — 2*58), the quartz (sp. grav. 2*6) might 
have no great tendency to descend in the fluid body. The mica 
would more readily fall down, its specific gravity, for the potash 
kind, being 2*8 — 3*1, and for the magnesia species, that which is 
somewhat common in granites, 2*85 — 2*9. In some felspar- 
porphyrites mica or quartz, and sometimes both, are, with felspar, 
and occasionally other minerals, well crystallized, so that supposing 
the descent of‘ the mica through the molten mass, and the quartz 
more mechanically suspended in it, an ejected upper portion may 
contain the quartz crystals, and a subsequent lava, the mica, sup- 
*posing that it remained still unfused. 

The attention of the observer is called to this mode of viewing 
the subject, so that, even on the minor sciJe, while some trachytic 
rocks are before him, he may duly estimate the sinking or rising 
of certain minerals in a fluid mass of molten rock, the higher or 
lower parts of which may be poured out of a volcano, as its sides 
may either hold firm, so that lava overflows the orator, or be fissured, 
letting off‘ the fluid matter at a lower level. Viewing the whole 
height of a volcano known to us as a minor fractional part of the 
depth to which the molten matter, partially from time to time 
tin-own out, may descend, certain minerals which have remained 
unfused upon the partial melting of felspar-porphyritic or granite 
rocks, (at first taking their relative positions according to their 
specific gravities,) may be subsequently melted, their elements 
mingling with the general mass, to be allerwards elevated and 
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ejected. Thus supposing much magnesia-mica to have descended 
in the molten fluid, upon the partial melting of the granite which 
contained it, the magnesia, upon the final fusion of the mica, 
might wholly, or partially aid in the production of olivine in sub- 
sequently ejected lava.* The sinking of minerals in fluid lava 
long since engaged the attention of Von Buch, who found felspar 
crystals more abundant in the lower that in the higher part of a 
current of obsidian at Tenerifle, and Mr. Darwin has more recently 
directed attention to it.f 

Volcanos having apparently pierced through rocks of most 
varied chemical composition, as shown by the fragments of them 
so often ejected, J it may be assumed that portions of such rocks, 
when not thrown out as fragments, may be often fused in the 
interior of the volcano, their elementary substances mingling with 
the general molten mass. While such fragments are sometimes 
little altered, as if, af'ter being broken off suddenly from their 
parent rocks, they had not been exposed to a heat sufficient to 
effect much change in them, others appear to have been acted 
upon in various degrees, so that modifications in the arrangement 
of their component particles are produced, and even additions to, 
or subtractions of some of the latter themselves are effected.§ 

* In some of the micas the magnesia amounts to more than 25 per cent. One from 
Lake Baikal, analyzed by Rose, gave 25*97 of this substance, and another from Sala 
afforded Svanberg 25*39 per cent. 

f Von Buch, Description des Isles Canaries and Darwin, “ Geological Observ- 
ations on the Volcanic Islands visited during the voyage of the ‘ Beagle.’ ” After 
quoting the labours of Von Buch, and the experiments of M. dc Dree (mentioned by 
him), in which crystals of felspar in melted lava were found to have a tendency to 
descend to the bottom of the crucible, Mr. Darwin discusses at length the subject of 
the relative specific gravities of minerals in fluid lavas. “ In a body of liquified rock,'’ 
he remarks, “ left for some time without any violent disturbance, wo might expect, 
in accordance vdth the above facts, that if one of the constituent minerals became 
aggregated into crystals or granules, or had been enveloped in this state from some 
previously existing mass, such crystals or granules would rise or sink according 
to their specific gravity. Now we have plain evidence of crystals being embodied in 
many lavas, while the paste or basis has continued fluid. 1 need only refer, as 
instances, to the several great pseudo-porphyritic streams at the Galapagos Islands, 
and to the trachytic streams in many parts of the world, in which we find crystals 
of felspar bent and broken by the movement of the surrounding semi-fluid matter.” 

X They have long been known on Vesuvius, where the fragments of limestone, on 
tlie Monte Somma portion of that volcano, have attracted much attention. A frag- 
ment of Jbssiliferous limestone has there also been found. Without entering gene- 
rally upon the various instances of the ejected fragments of rocks from volcanos, it 
may be useful to recall attention to those of limestone, dolomite, and sandstone, 
thrown out when the volcanic island rose through the sea between PcntallaHa and 
bicily, in 1831 (p. 70), as showing that they may be sought for in such cases., 

§ Dr. Daubeny notices the probable conversion of the ordinary Alpine limestone of 
the vicinity of Naples into granular limestone by heat, as seen in the fragments of 
the latter limestone found at the Monte Somma, and he quotes the researches of 
Dr. Faraday, as showing that carbonic acid cannot be cx|>cllcd from limestone unless 
steam be present. 
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]3y breaking through, and entangling portions of limestones and 
dolomitic rocks, much lime and magnesia may be obtained by 
fusion, useful in affording materials for the production of the 
silicates of lime and magnesia of augite, and the silicate of magnesia 
of olivine. So also with other accumulations disrupted and par- 
tially melted. Indeed, upon estimating whence the mineral 
matter of a volcano may have been derived, it becomes not only 
desirable to consider the probable composition of any igneous rocks 
which may have been remelted, and the circumstances attending 
this refusion, but also the aqueous deposits of various kinds which 
may have become more or less exposed to fusion during the time 
that a volcano has been ejecting mineral matter, either as molten 
rock, cinders, or ashes.* 

* As respects the volcanic region of Naples, and the fragments of rocks which 
have been ejected by Vesuvius, it is interesting to consider the modifications of 
igneous matter which might arise from the addition of lime and magnesia to any 
fundamental igneous product derived from great depths. Dr. Abich (Ueber die 
Natur und den Zusammenhang des vulkanischen Bildungen, Explanation of Plates, 
p. iv.), gives the following analyses of the dolomites and limestones of that vicinity : — 


— 

1 

2 

3 

4 

5 

6 

7 

8 

9 

1 

Carbonate of lime ... 

52 30 

56-57 

54-10 

65' 20 

96-00 

98*04 

98-08 

98-17 

%-72 

98-40 

Carbonate of magnesia . . 

46-97 

43 43 

39-00 

|34-79 

2-30 

1-96 

1*78 

1-48 

1 (;9 

1-51 

Cxiile of iron an<i alumina . 

0 

0 

0*94 

1 0 

0 

0 

0 

0 

0-32 

0 

Silica aiul bitunieu ... 

0 

0 

5*25 

i 0 

1 


0 

0 

0 

1-00 

0 


1. From Capri. 2. Valle di Sambruo, between Miuuri and Majuri. 3. Minuri. 
4. Between Vico and Sorento. 5. Valle di Sambruo. 0. Monte St. Angelo, Castella- 
mare. 7. Puuta di Lettere, Castellamare. 8. Capri. U. Vico, 10. Capri. 
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VOLCANOS AND THEIR PRODUCTS CONTINUED. — LAMINATION OF STREAMS OF 
LAVA. — LAMlNAi: OF SPHERULES IN OBSIDIAN. — COMPOSi rJON OF VOLCANIC 
ASHES. — VOLCANIC TUFF.— PAL AGONITE TUFFS OF ICELAND. — MODIFICA- 
TION OF VOLCANIC TUFF BY GASES AND VAPOUR. — SOLUTION OF PALA- 
GONITE TUFF IN ACIDS.— SOLFATARAS. — THE GEYSERS AND THEIR MODE 
OF ACTION, ICELAND. — SULPHUROUS WATER AND GYPSUM DEI'OSITS OF 
ICELAND. — FUSIBILITY OF VOLCANIC PRODUCTS.— FISSURES IN VOLCANOS 
FILLED WITH MOLTEN LAVA. — LAVA EJECIKD THROUGH FISSURES. — 
DIRECTION OF FISSURES IN VOLCANOS, 

One kind of lamination observed in igneous rocks has been above 
noticed (p. 328) as due to the elongation and compression of 
vesicles, so that by their extreme flattening this structure is pro- 
duced. In the cases of minerals ejected in an unfused state, the 
lava current in which they are included moving onwards, so 
that they would adjust themselves according to their forms and the 
different velocities of movement produced by friction against the 
supporting rocks, or any casing of more consolidated portions ol‘ tlie 
m(jlten stream, we might expect a certain amount of arrangement* 
in planes, or of lamination to be produced. Mixtures of substances 
of different kinds may sometimes also be so juxtaposed before ejec- 
tion, that when flowing as a lava current they formed separate 
layers, the thinner, otlier circumstances being the same, when the 
more elongated.* Looking also to the spherical bodies, commonly 


* Mr. Darwin (Volcanic Islands, p. 70), when describing the Island of Ascension, 
enters largely into the causes of lamination in volcanic rocks, seen there and in 
many other parts of the world. Among other remarks, he concludes “ that if, in a 
mass of cooling volcanic rock, any cause produced in i)arallcl planes a number of 
minute fissures or zones of less tension (which, from the j»c*nt-up vapoiirs, would 
often be expanded into crenulated air-cavities), the crystallization of the constituent 
parts, and probably the formation of the concretions, would be superinduced or inucli 
favoured in such places ; and thus a laminated structure of the kiud we are consider- 
ing would be generated,” 

The lamination of molten matter is often well exhibited in the slugs which have 
Rowed from furnaces, esiKJcially in some iron-works. 
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formed of radiating crystals of part of the compound, observed 
when glasses are passing into the stony form (examples of which 
arc not unfrcquently produced artificially), we should anticipate, 
under the circumstances of lava passing into the stony from its 
fluid condition, and movement still prevailing in the mass, that the 
cooling portions, more especially adjacent to the ground over which 
the whole was passing, might sometimes have their parts so acted 
upon that planes, composed of little spherules, might be formed ; 
even alternations of them produced as successive portions of the 
fluid lava became exposed to similar conditions. Obsidian is but 
the vitreous state of melted rock, and all the conditions obtaining 
when artificial glasses are passing into the stony state, such as those 
producing separate crystals of certain silicates, and the arrangement 
into spherules, has to be looked for as well in the one as in the 
other, the modifications depending on the kind and abundance of 
the different silicates, with due regard to the conditions under 
which the general mass may have moved or remained quiet. The 
obsidians, in certain volcanic countries, arc especially advantageous 
for studies of this kind, and will well repay the attention of an 
observer.* He will also find examples of lamination in volcanic 
rocks which have passed the vitreous state, or intermixture with 
that state in cooling, and it will be desirable that such, as well as 


* Dr. Daubeny points out (Description of Volcanos, p. 256), with respect to the 
obsidian of Lipari, that “ some of its varieties possess a remarkable resemblance to 
certain products obtained by Mr. Gregory Watt (Philosophical Transactions, 1804) 
during tho. cooling of large quantities of basalt, an incipient crystallization beginning 
to manifest itself in the midst of the vitreous mass in the appearance of white or 
lighter-coloured spots, which appear to be made up of points radiating from a common 
centre. In man}' of the Lipari obsidians, however, tlicse round spots are composed 
of concentric laminae, and are disposed in general in lines, so as to give a resem- 
blance of stratification to the mass. In other cases, the w hole mass is made up of 
globules of this kind, which arc hollow internally, and are sometimes cemented by 
black obsidian.” 

Mr. Darwin gives (Volcanic Islands, p. 54—65) an interesting account of laminated 
volcanic beds alternating with and passing into obsidian at the Island of Ascension. 
After describing these beds, he remarks, that “ as the compact varieties are quite 
subordinate to the others, the whole may be considered us laminated or striped. 
The laminae, to sum up their characteristics, are either quite straight, or slightly 
tortuous, or convoluted ; they are all parallel to each other, and to the intercalating 
strata of obsidian ; they are generally of extreme thinness : they consist either of an 
apparently homogeneous, compact rock, striped with different shades of gray and 
brown colours, or of crystalline felspathic layers in a more or less perfect state of 
purity, and of different thicknesses, with distinct cr}'stals of glassy felspar placed 
lengthways, or of very thin layers chiefly composed of minute crystals of quartz and 
augite, or composed of black and red specks of an augitic mineral and of an oxide of 
iron, either not crystallized, or imperfectly so.” Mr. Darwin also mentions the 
occurrence of layers of globules or spherulites in the transition of one class of beds 
into the other, one kind of spherulites white, or translucent, the other dark-brown or 
opaque, the former distinctly radiated from a centre, the latter more obscurely so. 
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the obsidians, should be well examined for evidence either of 
movement while consolidation was being cflFcctcd, or for the simple 
and very gradual crystallization of parts during any long period 
which the whole body of rock may have taken to cool.* In 
such researches the observer will have to recollect, that the top of 
a lava stream is so far differently circumstanced from the lower 
portion, that, while the former is exposed to the atmosphere and all 
its changes, the latter rests upon a bad conductor of heat, so that 
somewliat modified effects may often be produced, as regards the 
arrangement of the component substances, in the one part and the 
other. 

With regard to the cinder and ash accumulations on the sides ol‘ 
volcanos, the adjacent country, and the far-distant regions to wliich 
the latter may be borne, it would be expected that their chemical 
composition would be similar to the lavas, for the time, of 
their respective volcanos, should any be thrown out, subject to such 
modifications as their more complete exposure to the vapours and 
gases rushing out might occasion. We should anticipate tliat 
during the eruptions of trachytic lavas the cinders and ashes would 
be likewise trachytic, and so with the other kinds of volcanic rocks. 
Thus, should trachytic have preceded doleritic eruptions, in any 
localities, the ashes and cinders of the one would have preceded 
the other.f Ashes and cinders being so exposed, particularly the 
former, to be intermingled •with, and surrounded by, these volcanic 
vapours and gases, much w’ould depend, as to any modification or 
change in the original mineral substance, upon the time during 
which this action might last, as also upon the kinds of the vapours 

While remarking on the spherulites in obsidians and in artificial glasses, Mr. Darwin 
calls our attention to the observations of M. Dartigiies (.loumal de Physique, t. lix, 
pp. 10, 12, 1804), on the difficulty of Tomelting spherulitic and devitrified glasses 
without first pounding them and mixing the whole well together, the separation of 
certain parts from the general compound in the spherules or crystals rendering this 
necessary. 

* In all such researches the slow cooling of a lava stream has to be well considered. 
Dr. Daubeny mentions, that he found the temperature of the lava stream, ejected 
from Vesuvius in August, 1834, to be 31I0<^ Fahr., four months after its outflow, the 
thermometer placed upon the lava, after the scoriae on the surface hod been removed. 
Danieirs pyrometer gave similar results when introduced into a cavity of the lava 
(Description of Volcanos, p. 229). 

f M. Dufrenoy (Examen chimique et microscopique de quelqucs cendres vol- 
caniques ; Memoires pour servir a unc Description Geologique de la France, t. iv.) 
considers that volcanic ashes are most frequently composed of distinct minerals, therein 
differing from the powder produced by the trituration of rocks, usually formed of the 
union of several minerals. He therefore infers that volcanic ash *^is rather tlie 
result of a confused crystallization, produced under the influence of brisk agitation, 
such as in the saltpetre prepared for the manufacture of gunpowder, than the product 
of the trituration- of lavas in volcanic vents, though the ashes, collectively, do not the 
less represent the composition of the lava.” 
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and gases to which the ashes or cinders may be exposed. In all 
cases it would be expected that where the cinders and ashes were 
the most abundantly and speedily accumulated, as up(jn the cone 
or sides of a volcano, the effects arising from an intermixture of 
the acids and vapours with the ashes and cinders would be the most 
considerable. For instance, where hydrochloric acid is much min- 
gled with the ashes and cinders, the whole piled around a crater in 
a hot moist state, such portions as were soluble in that acid might 
be much acted upon. The like also with sulphurous and carbonic 
acids. 

In considering the original composition and subsequent modifi- 
cation which any mass or layers of volcanic cinders may have 
sustained, it is also needful for the observer to search for evidence 
as to the probability of these cinders and ashes having been arranged, 
as now found, either in the air or beneath water, such, for instance, 
as is afforded by the occurrence of shells or other organic remains 
among them,* or by layers of detritus or chemically- deposited 
matter, showing a subaqueous accumulation. Ashes and cinders 
descending into water, and afterwards arranged by it, would pro- 
bably be well washed, so that little change would be eflfected after- 
wards by any acids adhering to, or mingled with them. 

The term tuff, or tufa, is not uncommonly given to the ash and 
cinder accumulations of volcanic regions. Dr. Ablch has given tlie 
following analyses of the tuff of the Phlegrean Fields, Posilippo, and 
the Island of Vivara, the two former being termed trachy tic tuff, the 
last basaltic tuff : — 


• 

1 


3 

4 

5 

6 

7 

Silica 

51*65 

52*80 

54*41 

.54*57 

56*63 

45*50 

51*08 

Alumina .... 

15*08 

15*83 

15*40 

17*93 

15*v33 

16*05 

13*71 

Oxide of iron . . 

6*21 

7*57 

7*74 

5*49 

7*11 

11*69 

13*16 

Lime 

5*43 

3*13 

3*17 

0*77 

1*74 

5*03 

7*09 

Magnesia .... 

1*18 

0*84 

1*50 

0*77 

1*36 

3*20 

4*72 

Potash .... 

6*19 

7*86 

7*54 

5*23 

6*54 

4*12 

2*94 

Soda 

1*01 

! 

2*90 

2*87 

6*40 

4*84 

2*28 

2*94 


1. Yellow tuff, from JNola. 2. Yellow tuff, from Posilippo. 3. White tuff, from 
Posilippo. 4. Tuff, from Epomoeo. 5. From the crater of Monte Nuovo. 6. Yellow 
tuff, from the Island of Vivara. 7. Grey tuff, from Vivara,f 


* So long since as the time of Sir William Hamilton, shells were detected in the 
tuff of the vicinity of Naples. They have also been noticed in other localities in that 
vicinity, and are described as those of species still living. 

t Mr. Dufrenoy (Memoircs pour servir a une Description Geologique de la France, 
t. iv., p. 384) observes, that the tuffs of Posilippo, Pompeii, and Ischia (the two former 
analysed by M. Berthicr, the last by himself, present nearly the same general 
characters, with the exception of that of Pompeii, which contains nine per cent, of 
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Looking at the varied manner in which ashes and cinders may 
be accumulated, either wholly in the atmosphere or beneath water, 
to the substances with which they have been mingled in the crater 
of a volcano, and which may more or less coat or impregnate them 
afterwards, and to the infiltrations through beds and masses of them 
subsequently to their deposit, either adding to, abstracting from, or 
modifying the arrangement of their component substances, we 
should expect that at times even very solid rocks may be produced, 
at first sight presenting little of the aspect of an accumulation of 
fine powder and cinders. Mr. Darwin describes a tuff, apparently 
of this kind, at Chatham Island (Galapagos Archipelago), one evi- 
dently fonned at first of cinders and ashes, but now having a 
somewhat resinous appearance resembling some pitclistones. He 
attributes this alteration to “ a chemical change on small particles 
of pale and dark-coloured scoriaceous rocks ; and this change could 
be distinctly traced, in different stages, round the edge of even the 
same particle.”* 

In Iceland, a tuflf apparently also in a changed or modified con- 
dition from that of its original accumulation, and namcd.palagonite- 
tuff’,’f- would seem to be of much importance. According to 
Professor Bunsen (of Marbourg), the palagonite-tufF of Iceland has 
a density of 2*43, and contains nearly 17 per cent, of combined 


carbonate of lime, a substance which he infers was infiltrated, adding weight to the 
opinion, that the entombment of Herculaneum and Pompeii was produced by an 
alluvion of the tuff forming the fianks of Monte Somma, water having greatly aided 
the filling up of the edifices in the two towns. Kemarkingon the tracliytic tuff of the 
Phlegrean Fields, Dr. Daubeny observes (Description of Volcanos, p. 16), that the 
analysis of it proves that, “ like pumice, it is only a metamorphosed condition of 
trachyte.” He considers tuff, pumice, and obsidian, as all modifications of the same 
basis, the two former containing “water chemically combined, namely, — yellow tuff, 
three atoms ; white tuff, two atoms ; pumice, one.” “ Now lava,” he continues, 
“ although commonly accompanied at the time of its eruption by abundance of 
steam, and containing, even for several months afterwards, entangled with it a large 
quantity of this and other volatile matters, holds no water in chemical combination, 
so that the fact with respect to tuff and pumice shows, that these formations have 
been placed under circumstances of another kind than those of molten lavas.” 

* Volcanic Islands, p. 99. Mr. Darwin describes this tuff, where best charac- 
terized, as “of a yellowish-brown colour, translucent, and with a lustre somewhat 
resembling resin ; it is brittle, with an angular, rough, and very irregular fracture, 
sometimes, however, being slightly granular, and even obscurely crystalline ; it can 
easily be scratched with a knife, yet some points are hard enough just to mark 
common glass; it fuses with ease into a blackish-green gloss. The mass contains 
numerous broken crystals of olivine and augite, and small particles of bl^.k and 
brown scoriae : it is often traversed by thin seams of calcareous matter. It generally 
effects a nodular or concretionary structure. In a hard specimen, this substance 
would certainly be mistaken for a pale and peculiar variety of pitchstonc ; but when 
seen in mass, its stratification, and the numerous layers of fragments of basalt, both 
angular and rounded, at once render its subaqueous origin evident.” 

^ From Palagonia, in Sicily, where a similar tuff is found. 
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water. The following is the composition assigned to this rock by 


him : — 

Silica 37-947 

Sesqui-oxide of iron 14-751 

Alumina 11-619 

Lime 8-442 

Magnesia 5*813 

Potash 0-659 

Soda 0*628 

Water 16-621 

Residue 4-108* 


It wiU be obvious, that in volcanic-tuff accumulations much will 
depend, as respects subsequent modification and change, upon any 
foreign matter with which they may be mixed, so that when, as 
beneath water, calcareous matter (often, perhaps, derived through 
animal life,) as well as clay or other fine sediment, not directly de- 
rived from volcanic eruptions, is mingled with them, and the whole 
is heated or raised above the water, effects would be produced not 
precisely corresponding with those where the modifying action has 
been alone exercised upon the direct products of volcanos. Tuffs 
of this kind can scarcely but be often formed, and their examination 
in connexion with volcanos now in action, or which, geologically 
speaking, have recently been in that state, will be found important 
as explaining the origin of certain mixtures of igneous and sedi- 
mentary rocks, even amid very ancient deposits. 

In regions, such as Iceland, where volcanic action is widely 
spread amid its mineral products rising above the level of* the sea, 
and where modifications due to the action of vapours and gases 
passing through lava streams, cinders, and oshes, may be so great, 
tlicre would appear good evidence of the changes to which such 
mineral products may be exposed. Professor Bunsen has pointed 
out several which he considers to be now in progress in Iceland. 
‘^The Icelandic mineral springs,” he remarks, “ to which belong all 
the systems of geysers and suffioncs, are distinguished from all 
others in Europe by the proportionally large quantity of silica which 
they contain ; and, if we except the acidulous springs which arc 
confined to the western part of the island, the so-called beer-springs 
{plkilder) of the natives, we may divide the springs of' Iceland into 

* On the intimate connexion existing between the pseudo-volcanic phenomena of 
Iceland;— A Memoir translated by Dr. G. E. Day, Chemical Reports and Memoirs, 
Works of the Cavendish Society, 1848. From the chemical composition noticed, 
Professor Bunsen derives the formula — 


Mg 3 
Ca3 
k 3 
Na3 


Si’s + 2 



9 u 
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two main groups, according to their chemical properties, one of 
which would comprise the acid and the other the alkaline silica 
springs.” 

Wliether the water of these springs has been derived directly 
from the atmosphere by means of rain, or melted snow and ice, or 
from sea-water finding its way to the interior of volcanos, the 
aqueous vapours thence thrown off being condensed in their rise 
upwards, to it and to the substances with which it can mingle, we 
have to refer many modifications which evidently take place in the 
mineral matter through which it passes. The experiments insti- 
tuted on this subject, and the conclusions deduced from them, and 
from a personal examination of the springs of Iceland, by Professor 
Bunsen, are highly valuable. With respect to the action of pure 
heated water alone for some hours upon the palagonite-tulF above 
noticed, he found that at the temperature of 212^ Fahr. (100'^ cen- 
tigrade) or 226° 4 (108° cent.,) silicic acid, potash, and soda, were 
dissolved.* When the water was saturated with carbonic acid, 
and allowed to act upon pulverized palagonite, all the constituents, 
with the exception of alumina and oxide of iron, were dissolved in 
the form of bi-carbonates, f When the palagonite was heated for 
ten hours, in water saturated with sulphuretted hydrogen, sulphide 
of iron was formed, and the solution contained silica and the sul- 
phides of calcium, magnesium, sodium, and potassium.^ Pala- 


♦ Cavendish Society’s Works; Chemical Reports and Memoirs, 1848, p. 3G1. 

1,0CK) grammes of water after 12 hours* digestion yield, in tliis manner, a solution 
containing the following proportions 

Grammpfi. 

Silica 

. 0-03716 

Soda. 

0-00824 

Potash 

0-00162 

Total 

. 0-01702” 

t “ 1,000 grammes of this water, after four hours’ digestion, yielded the following 
constituents ; — 

Grammes. 

Silica 

0* 09544 

Bi-carbonate of lime . 

0-16893 

, , magnesia 

0-05333 

, , soda . 

0-06299 

, , potash 

0-00189 

Total . 

. 0-38368” 

The solution contained, for 1,000 grammes : 

Grammes. 

Silica .... 

0-1175 

Sulpliide of calcium . 

0-2748 

, , magnesium 

0-0727 

, , sodium 

0-0438 

, , potassium . 

0-0410 


Total 


0-5498 
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gonite was found to be “entirely dissolved in bydrocKloric and 
sulphurous acids, except a small quantity of silica left as a residue.”* 
Thus many and great modifications and changes may be effected 
in this variety of volcanic tuff ; pointing to those wliich may take 
place in other volcanic regions, the results in each depending on 
local conditions. 

In many districts, as well those in some portions of which 
volcanic action is now well exhibited, as in those where it is be- 
coming extinct, as far as respects the ejection of molten rock, 
cinders, and ashes, discharges of aqueous vapours are effected ; 
sometimes alone, at others accompanied by some of the usual 
volcanic gases. 

Some mention has already been made (pp. 15 and 18,) of thermal 
or warm springs found to rise as well in regions not marked by 
volcanic action on the surface as in those where that action is now 
apparent, or may be inferred to have existed at no very distant 
geological period. t In some volcanic countries the various modifi- 
cations under which aqueous vapour, and the gases connected with 
volcanic action arc emitted, can be well studied. The observ’er can 
readily suppose that while in the great eruptions these arc so driven 
off as to have effected little combination while in the crater, minor 
action would leave sufficient time for the condensation of the 
aqueous vapour into water, and the combination of the latter with 

* “We see,” observes Professor Bunsen, “from the relations existing among these 
salts themselves (alluding to those mentioned in the text and previous notes), and 
with the silica, that the constituents of palagonitc take very different parts in the 
decomposition which is induced by hot water, carboni- acid, and sulphuretted hydrogen 
respectively; whilst, as we have already seen, this mineral is entirely dissolved in 
hydrochloric and sulphurous acids, except a small quantity of silica left as a residue. 
The alkaline siliceous springs, in which there is a smaller quantity of this volcanic 
gas, assume, consequently, a very different character Ironi the waters of the suiliones; 
since it is evident, that the composition of the water mid t lie nature of the argillaceous 
deposits produced from these actions, must stand in a definite relation to the greater 
or smaller resistance opposed by the separate constituents of palagonitc to the 
action of the weaker volcanic acids, that is to say, to the water, carbonic acid, and 
sulphuretted liydrogen gas,” .... “When the alkaline silicates, removed 
by the heated water from the palagonitc, are brought into contact with carbonic, 
hydrochloric, and sulphuric acids (the latter of which is formed by the oxidation of 
the sulphurous acid through the oxide of iron in the palagonitc), .these alkalies must 
be converted into carbonates, sulphates, and chlorides, whilst the silicic acid remains 
dissolved in the alkaline carbonates and in the water, and is partially separated 
from them by evaporation, os siliceous tuff,— a fact already observed by Black in 
1792.” 

f While noticing the dispersion of hot springs, and their issue from all kinds of 
rock, Humboldt (Kosmos) mentions that the hottest permanent springs yet known are 
those discovered by himself, “ at a distance from any volcano — the ‘ Aquas calienteB 
de las Trincheras,’ in South America, between Porto Cabello and New Valencia ; and 
the ‘ Aquas de Comanzillas,’ in the Mexican territory, near Guanaxuato.” The first 
of these has a temperature of 97° centigrade (206° 6' Fahr.), according to M. Bous- 
singault, who visited this spring in 1823. 

2b2 
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volcanic gases, the whole acting upon the rocks through which it 
has to pass, abstracting matter irom them as above noticed. 

The Solfatara, near Puzzuoli, has long been known in the 
volcanic region of Naples, from the emission of aqueous vapour and 
certain gases, manifesting a kind of subdued volcanic action un- 
accompanied by the ejection of lava, cinders, or ashes.* * * § Dr. Dau- 
beny found the gas evolved to be sulphuretted hydrogen, with a 
minute portion of muriatic acid.f Solfataras, or modifications ol’ 
them, are noticed as existing in many volcanic regions in difierent 
parts of the world. Professor Bunsen has shown the connexion of 
the solfataras of Iceland (the Ndmar of the Icelanders), with the 
acid springs of that country. He remarks that they owe their 
slight acid reaction more commonly to the presence oi a small 
quantity of ammonia-alum, or soda, and potasli-alum, than to their 
inconsiderable traces of free sulphuric or muriatic acids. 

While such springs in Iceland thus illustrate the condensation of 
some of the aqueous vapours, mixed with gases discharged in that 
volcanic region, the Geysers also well illustrate that of the aqueous 
vapours under other conditions. Allusion has been previously 
made (p. 15) to those long celebrated discharges of steam and 
water, the Geysers, and to siliceous deposits from them. According 
to Professor Bunsen, the thermal group to wliich the Geysers be- 
long, occurs southward from the highest point of Hecla, and about 
20 geographical miles from it. Their main direction is about 
N. 17^ E., “ almost parallel with the chain of Hecla, and with the 
general direction of the fissures.” Tlie rock beneath the incrust- 
ations of the springs is palagonite-tulf, a vein of clinkstone running 
lengthwise from the western margin of the springs. Tlie following 
are analyses by Dr. Sandberger and M. Damour, of the water of the 
Great Geyser : — § 

* An ancient lava current, of a trachytic kind, is supiiosed to be traceable from 
the mountain to the sea. 

t “Description of Volcanos,” p. 211. After pointing out the probable effects of 
the two gases upon the trachyte of the mountain, the sulphuretted hydrogen uniting 
with the bases of the several earths and alkalies, and its consequent decomposition, 
Dr. Daubeny accounts for the absence of muriatic compounds with these bases, by 
noticing that, “ if they existed tliey would be immediately decomposed by the sul- 
phuric acid generated ; and that muriatic acid itself is incapable per se of decom- 
posing trachyte, except it be concentrated, and the rock pounded, as sljown from the 
fact of its continuance during so many ages in the domite of Auvergne in a free 
condition.” 

X Cavendish Society Works; Chemical Memoirs and Reports, 1848, p. 327. 

§ The cause assigned by Professor Bunsen for the alternate states of repose and 
activity of this great natural fountain, is very different from that usually inferred. 
By very careful experiments by M. Descloizeaux and himself, it was ascertained, 
1. “ That the temperature of the column of the Geyser decreases from below upwards. 
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Sandlicrger. 

Pamour. 

Silica 

. 0*5097 . 

. 0*5190 

Carbonate of soda . . 

. 0*1939 . 

. 0*2567 

Carbonate of ammonia 

. 0*0()8;5 . 

. 

Sulphate of soda . . 

. 0*1070 . 

. 0*1342 

Sulphate of potash . 

. 0*0475 . 

. 0*0180 

Sulphate of magnesia . 

. 0*0042 . 

. 0*0091 

Chloride of sodium. . 

. 0*2521 . 

. 0*2379 

Sulphide of sodium . . 

. 0*0088 . 

. 0*0088 

Carbonic acid . . . 

. 0*0557 . 

. 0*0468 

Water 

. 

.998*7695 


Not only do the vapours and gases escaping from volcanic vents 
decompose, under variable conditions, the rocks through which they 


as had already been shown by Lottin and Robert. 2. That, setting aside small dis- 
turbances, the temperature goes on increasing regularly at all points of the column 
from the time of the last eruption. 3. That the temperature in the unmoved column 
of water did not, at any period of time up to a few minutes before the great eruption, 
reach the boiling-point that corresponds to the atmospheric and aqueous pressure at 
the point of observation ; and 4. That it is at mid-height in the funnel of the Geyser, 
where the temperature approaches nearest to the boiling-point, corresponding to the 
pressure of the column of water, and that it approaches nearest to this point in 
proportion to the approximation of the period of a great eruption.” Diagrams are 
given in illustration, and indeed are almost necessary to the view taken. It may, 
however, be stated, that there is a constant addition of heated water below in the 
tube or funnel, and an evaporation of the water above, and that the whole is in such 
a condition that every cause that tends to raise this column of water only a few 
metres would bring a large porMon of it into a state of ebullition. Vapour is gene- 
rated, and it is calculated that an excess of 1° (centigrade) over the corresponding 
boiling-point of the water, “ is immediately expended in the formation of vapour, 
generating in the present case a stratum of vapour nearly equally high with the 
stratum of water I metre in height. By this diminution in the superincumbent water 
a new and deeper portion of the column of water is raised above the boiling-point ; a 
new formation of vaiwur then takes place, which again occasions a shortening in the 
pressing liquid strata, and so on, until the boiling has descended from the middle to 
near the bottom of the funnel of the Geyser, provided always that no other circum- 
stances have more speedily put an end to this process.” 

• “It appears from these considerations, that the column of water in the funnel of 
the Geyser extending to a certain distance below the noddle, is suddenly brought into 
a state of ebullition, and further, as may be show n by an easy method of computation, 
that the mechanical force developed by this suddenly-established process of vaporiza- 
tion is more than sufficient to raise the huge mass of the waters of the Geysers to 
that astounding elevation wliich imparts so grand and im^wsing a character to these 
beautiful phenomena of eruption. The amount of this force may easily be ascertained 
by calculating from the temperature of the preceding experiments (those above 
alluded to), the known latent and specific heat of the aqueous vajjour, and the height 
of the column of vapour, w^hich w'ould be developed by the ascent, to the mouth of 
the Geyser, of a section of the column of water. If we designate the height of 
such a column of water in the funnel of the Geyser by h ; its mean temperature 
expressed in centesimal degrees by t\ the latent heat of the aqueous vapour by w; 
the density of the latter compared with that of the w^ater by s j and the co-efficient of 
the expansion of the vapour by ; we shall find that the excess of heat of the water 
above the boiling-point under the pressure of one atmosphere is t - 100. But the 
height A, of the section of the column of water, which at the mouth of the Geyser, 
that is to say, under the pressure of one atmosphere, w’ould be converted into vapour 
by the quantity of heat, t - 100, w ould be to the whole height of the water column A, 

as (t - 100) : w, A column of water of the height w^ould therefore be eva- 

porated at the moan temperature t, if the water were under the pressure of one 
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rise or against which they may be driven in tlic atmosj)here, and often 
the latter extends to some distance from the place of escape (well 
shown in the case of winds prevailing in particular directions), but 
deposits of different kinds arc effected, thrown down from the 
waters containing them. Professor Bunsen has carefully investi- 
gated the well-known siliceous deposits from the Geysers of Iceland. 
Referring to the analysis of the water of the Great Geyser, above 
mentioned, and remarking that the silica is dissolved in the water 
by alkaline carbonates, and in the form of a hydrate, he observes 
tliat “ no trace of silica is precipitated on the cooling of the water, 
and it is only after the evaporation of the latter that silica is de- 
posited in the form of a thin film on the moistened sides of the 
vessel where evaporation to dryness takes place, whilst the fluid 
itself is not rendered turbid by hydrated silica until the process 
of concentration is far advanced.” Professor Bunsen then points 
out, that, in consequence of these circumstances, the incrustations 
increase in proportion as the surface of evaporation expands with 
the spread of the water.* 

The same land presents us with other deposits from waters and 


atmosphere. Hence it directly follows, that the height H, of the column of vapour 
sought at lOO*^' (centigrade) and 0*76 metre (29*921 English inches) will be 

„ h(t- 100) (1 + 100 d) 

Jti — — - , 

W 8 

On applying this formula to the value of the numbers found by observation, we 
obtain the remarkable result that, in the period of time immediately preceding an 
eruption, a column of water of only 12 metres (39 feet 4*442 in. English) in length, 
which projects 5 metres (16 feet 4 * 851 inches English) to 1 7 metres (5.5 feet 9 * 294 inches 
English) above the base of the tube, generates for the diagonal section of the Geyser, 
a column of vapour 638*8 metres (2093 feet 2*245 inches English) in height (assumed 
to be at 100° centigrade, and under the pressure of one atmosphere), this column 
being developed continuously from the upheaved mass of water, as the lower strata 
reach the mouth of the Geyser. The whole column of the Geyser, reckoned from the 
point w'here the temperature amounts to 100° centigrade down to the base, is capable, 
according to a calculation of this kind, of generating a similar column of vapour, 
1041 metres (3,415 English feet) in height.” — Bunsen, On the intimate connection 
existing between the Pseudo-Volcanic Phenomena of Iceland ; Works of the Cavendish 
Society, Chemical Reports and Memoirs, pp. 346 — 349. 

♦ Chemical Reports and Memoirs; Works of the Cavendish Society, 1848, p. 344. 
Professor Bunsen remarks, that the peculiar forms of the Geysers result from certain 
conditions. “ As,” he observes, “ the basin of the spring has no part in this incrusta- 
tion, it becomes converted into a deep tube as it is gradually inclosed by a hillock of 
siliceous tuff, combining, when it has reached a certain height, all the requirements 
necessary to convert it into a Geyser. If such a tube be narrow, and be filled with 
tolerable rapidity by a column of water strongly heated from below by the volcanic 
soil, a continuous Geyser must necessarily be produced, as we find them in so many 
parts of Iceland. For it will easily be understood that a spring, which originally did 
not possess a higher temperature at its mouth than that which would correspond to 
the pressure of the atmosphere, may easily, w hen it has been surmounted by a tube, 
formed by gradual incrustation, attain at its base a temperature of upwards of 
1000° centigrade (212° Fahrenheit), owing to the pressure of the fiuid resting In the 
tube.” 
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gaseous emanations, of importance geologically, showing some of the 
modes in which mineral matter may be accumulated or disseminated. 
Here again the researches of Professor Bunsen supply us with valu- 
able information. He points out that the acid silica springs, besides 
inconsiderable traces of hydrochloric and sulphurous acids, and 
small quantities of ammonia-alum, or potash and soda-alum, contain 
“ sulphates and chlorides of calcium, magnesium, sodium, potassium, 
and iron, also silica and sulphurous acid, or in the place of the latter, 
sulphuretted hydrogen gas. They are especially characterised by 
deposits of gypsum and sulphur. Professor Bunsen found the com- 
position of the water, in 10,000 parts, taken from the Reykjahlider 
solfatara, in August, 1846, to be : — 


Sulphate of lime 

. . 1-2712 

Sulphate of magnesia . . . . 

. . 1-0662 

Sulphide of oxide of ammonium . 

. . 0-7333 

Sulphate of alumina 

. . 0-3261 

Sulphate of soda ...... 

. . 0*2674 

Sulphate of potash 

. . 0*1363 

Silica 

. . 0-4171 

Alumina* 

. . 0-0537 

Sulphuretted hydrogen . . . . 

. . 0-0820 

Water 

. 9995-6467 


The clay and gypsiferous accumulations resulting from these 
waters, or rather from the general action of their constituent parts 
upon the rocks traversed by them, and upon each other, possess 
much interest. The palagonite-tuff is decomposed, and clay, often 
variegated in colour, is deposited, and sulphate of lime is alsv, 
formed. The gypsum occurs as isolated crystals, and “ in connected 
strata and floor-like depositions, which not unfrequently project as 
^small rocks, where the loose soil has been carried away by the action 
of the water. These depositions are sometimes sparry, corresponding 
in their exterior very perfectly with the strata of gypsum so fre^ 
quently met with in the marl and clay formations of the trias.”! 


♦ It is remarked respecting the alumina, “ tlie small quantity of which brings it 
within the limits of the errors incidental to tho experiment,” that it may have been 
dissolved in excess by the alum of the water.— Chemical Reports and Memoirs, 1848, 
p. 332. 

t Bunsen, Works of the Cavendish Society, Chemical Reports and Memoirs, 1848, 
p. 336. “ Their deposition,” the Professor adds, “ is owing to the fact that has not 

liitherto been sutficiently regarded in the explanation of geological phenomena, viz. ; 

that substances crystallizing from solutions are more readily deposited on a surface 
identical with their own (although at a considerable distance from the limits of their 
solubility), than on substances different from themselves. These depositions of 
gypsum increase, therefore^ in these formations, in the same manner as we observe 
small crystals to enlarge in a solution, without any deposit being formed on the sides 
of the vessel ; much salt being removed from the solution (not by a change of tem- 
perature, but owing to the cohesive force emanating from the crystal), so that no 
further deposit can be made on the particles of bodies of a different nature. The 
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In the clay deposits from the Icelandic fumeroles iron pyrites is 
found in small crystals, mentioned by Professor Bunsen, as often 
very beautifully developed.’* The sulphur accumulations of Ice- 
land, the Professor attributes to the same cause, as Dr. Daubeny 
does generally (p. 324), namely, the reciprocal reaction of 
sulphurous acid and sulphuretted hydrogen gas. 

With regard to the presence of* nitrogen, ammonia, and their 
compoimds, so frequently observed in connexion with volcanic 
action, opinions seem somewhat divided : wliile some consider that 
the nitrogen is actually evolved from the craters and other volcanic 
vents, part, perhaps, of the air disseminated in water finding its 
way to volcanic foci, others infer that ammoniacal products, found 
in connexion with volcanos, have had a different origin. Dr. Dau- 
beny, treating of volcanic action, remarks : — “Nor is the access of* 
atmospheric air to volcanos more questionable than that of water ; 
so that the appearance of hydrogen united with sulphur, and of 
nitrogen, either alone or combined with hydrogen, at the mouth of 
the volcano, seems a direct proof that oxygen has been abstracted 
by some process or other from both.”* On the other hand. Professor 
Bunsen seems disposed to consider the sublimations of muriate of 
ammonia as due to the overflow of vegetation by lava currents, at 
the same time referring to nitrogen and its compounds, and to their 
being scarcely ever absent from volcanic exhalations, adding that 
‘"they undoubtedly belong originally to the atmosphere, or to organic 
nature, their occurrence being due to the water which holds them 
in solution and conveys them from the air to the subterranean 
depths. ””f“ If we assume that water from the atmosphere, or sea, 

• 

process of crystallization here comes within the domain of mechanical forces, since it 
causes, by the expansive growth of the layers of gypsum, the upheaval of the moist- 
ened clay deposit, or compresses it towards the exterior, as the first-named masses 
increase in quantity.” 

* Daubeny, Transactions of the British Association for the Advancement of 
Science, vol. v., for 1837, and Description of Volcanos, 2nd edition, 1848, p. 655. 

+ Psuedo-Volcanic Phenomena of Iceland, p. 330. “ In July, 1846,” observes 
Pro lessor Bunsen, “ only a few months subsequent to the eruption of the volcano 
(Uecla), when I was sojourning in that district, the lower portion of the lava stream 
appeared studded over with smoking fumeroles, in which so large a quantity of 
beautifully-crystallized muriate of ammonia was undergoing a process of sublimation, 
that, notwithstanding the incessant torrents of rain, hundreds of pounds of this 
valuable salt might have been collected. On surveying the stream from the summit 
of llecla, it was easy to perceive that the formation of muriate of ammonia was limited 
to the zone in which meadow lands were overflowed by the lava. Higher up, where 
even the last traces of a stunted cryptogamic vegetation disappear, the formation of 
this salt likewise ceased. The large fumeroles of the back of the crater, and even of 
the four new craters, yielded only sulphur, muriatic and sulphuric acids, without 
exhibiting the slightest trace of ammoniacal products. When wo consider that, 
according to Boussingault, an acre of meadow land contains as much as 32 pounds of 
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more or less containing air (p. 145), does find a passage into vol- 
canos or their foci, it may not be improbable that both causes can 
contribute to the effects recorded. 

It will have been seen that volcanic products are, as a mass, easily 
melted, notwithstanding that, during times when the particles of 
matter could freely adjust themselves in a definite manner, cer- 
tain mineral bodies were formed of a less fusible character, and that 
from the decomposition of ejected lava, cinders, and ashes, certain 
other substances are produced, such as siliceous and purer argil- 
laceous deposits of a more refractory kind. Looking, however, at 
the mass of matter, it continues readily fusible, whether partaking 
of the trachytic or doleritic character, or of a mixture of both. 
Slice ij of trachytic or doleritic tuff could be easily acted on by 
heat, so that even altered as they may have been previously, a 
considerable area, if a sufficiently-elevated temperature could be 
applied to it, would begin to yield, rising upwards if any clevatory 
force were acting from beneath, a fracture finally being effected, so 
far as any sufficient coherence of parts remained, where the resist- 
ance became unequal to tlie force employed. 

That volcanic action does work through points, however these 
may be complicated, as fre-m time to time changed, volcanic craters 
show, and that it has at least sometimes continued to find vent 
through the same points, or thereabouts, for long periods, is not 
only attested by volcanos which have been observed during the 
historic perir)d, but also by those to the products of wliich, inter- 
mingled with other accumulations, geological dates may be assigned. 

That the temperature of volcanos may even change externally, 
sf) that snows reposing upon them at one time are suddenly melted 
from them at another, we have evidence both in liigh northern 
latitudes (Iceland) and in the warm regions (Cotopaxi). Volcanic 
products being, like rocks generally, bad conductors of heat, these 
changes are sufficient to show the variable amount of temperature 
to which portions, at least, of volcanic mountaiixs may be exposed 
from changes in the conditions to which it may be due. That the 


nitrogen, corresponding to about 122 pounds of muriate of ammonia, we shall hardly 
be disposed to ascribe these nitrogenous products of sublimation in the lava 
currents to any other circumstance than the vegetation which has been destroyed by 
the action of the fire. The frequent occurrence in Southern Italy of tuff decomposed 
hy acid vapours containing muriate of ammonia, likewise confirms the hypothesis 
regarding the atmospheric origin of this salt. For the same body of air which can 
annually convey to a piece of meadow land a quantity of ammonia corresponding to 
these large nitrogenous contents, must at least be capable of depositing an equal 
quantity of alkali on tuff-beds saturated by acid w'ator ; which may be actually 
observed in some rare instances both in Southern Italy and Sicily.” 
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layers and variably-shaped masses of substances composing volcanos, 
no matter how accumulated, have been exposed to tension and sub- 
sequent fracture, is proved by the rents in them which have been 
filled by molten matter. In the view beneath (fig. 126), in the 

Fig. 126. 



Val del Bove, Etna,* exhibiting the now hard lava protruding from 
tliat weathering which the whole has experienced from atmospheric 
influences, wc see that the original volume of the previously- 
deposited volcanic products has been increased by the amount of the 
molten matter so introduced. The following section (fig. 127)» 


Fig. 127. 

mmm 

mmm 




a 

b c i 
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showing the same thing, is not unfrequent amid volcanic craters 
and ravines. In it, e f represent a thickness of volcanic tuff or 
lava layers, traversed by dykes (as they are termed), a b c d, of lava 
which has entered fissures made by the rupture of the beds ef^ 
the force acting from beneath, so that while, lor the length seen, 
some fissures have their walls equidistant from the top to the bottom 


* Taken from Dr. Abich’s “ Views of Vesuvius and Etna.’ 
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of the section, at a and c they diminish upwards. In all these 
cases, the layers or beds are not disturbed further than by fracture, 
those on either side of the dykes preserving their continuous lines 
of original accumulation. This need not always be the case, as will 
be readily inferred, since after a fracture is made, should the liquid 
or viscous lava rise with much force from considerable pressure of a 
column of molten rock with which it may be connected, with a 
comparative cooling of the upper part of the lava as it rose, in- 
creasing the solidification of the particles, the upper layers of tuff 
or lava broken through may be heaved upwards by the friction ol‘ 
the uprising lava, this even overflowing, as appears to be frequently 
the case. Of this kind the section beneath (fig. 128), taken from 
a view by Dr. Abich, of a dyke exposed by the fall of part of the 
crater of Vesuvius, is probably an instance. 

Fig. 128. 



The observer has next to consider the magnitude and direction 
qf these fissures. Perhaps volcanic islands, such as those in the 
Atlantic and Pacific, are as favourable situations for studying vol- 
canic fissures as are to be found, not, howev(‘r, that great facilities 
do not present themselves elsewhere.* The rent or series of rents 
which traversed the side of Kilauea, during the ejeetion of lava in 
1840, is not only remarkable for its length, but also for the com- 

* Respecting the Hawaiian group, Mr. Dana, (Geolog> of the United States’ 
Exploring Expedition, p. 282), infers: — 1. That there were as many separate rents or 
fissures in the origin of the Hawaiian Islands as there are islands. 2. That each rent 
was widest in the south-east portion, 3. That the south-easternmost rent was the 
largest, the fires continuing there longest to bum. 4. That the correct order of 
extinction of the great volcanos is nearly as follows (leaving out Molokai and Lanai, 
which were not visited by Mr. Dana) — o, Kauai ; ft, W estern Oahu ; c, W estem 
Maui, Mount Eeka; rf, Eastern Oahu; e, North-western Hawaii, Mauna Kea; 
/; South-east Maui, Mount Hale-a-Kala; and g, South-east Hawaii, Mauna Loa. 

This order,” he observes, “ is shown by the extent of the degradation on the surface. 
Each successive year, since the finishing of the mountain, has carried on this work of 
degradation, and the amount of it is, therefore, a mark of time, and afibrds evidence 
of the most decisive character.” (p. 283.) 
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paratively tranquil manner in which it was effected, the inhabitants 
not being aware of its formation by any earthquake motion, but 
from finding a torrent of liquid lava poured out.* * * § Fissures so pro- 
duced would seem to point to much softening of the subjacent 
rocks, so that when fractures were formed, though many miles in 
length, comparatively little resistance, from cohesion, remained in 
the rocks. From an examination of Maui (Hawaiian group), 
Mr. Dana infers that at its last eruption, a huge segment of that 
volcano must have been broken ofl*, by which two great valhys 
were formed (one two miles ’svide), through which great opening tlui 
lavas were poured out.“f- Here would appear to have been far 
greater resistance and a more sudden overpowering of it by the 
force exerted. According to the accounts given, Jorullo was the 
result of an uprise of ground, finally traversed by a fissure 
(p. 346). With respect to fissures traversing active volcanos from 
which lava has issued, tlierc is abundant evidence. The great out- 
flow of lava from Skaptar-jokull, in 1783 (p. 344), was from 
fissures at the base of the mountain. Great fissures have been 
made in Etna, and the numerous suliordinate craters seem little 
else than points in those formed at various times through which 
volcanic matter has been ejected.^ Kcspccting the fissures on 
Etna, M. Elic de Beaumont remarks, that they occur, for the most 
part, in nearly vertical planes, often so cutting the crater, as it were, 
to .«tar it, the lower part of the fissures usually filled with lava, the 
higher with scoriae, and with pieces of tuff and lava fallen from the 
upper part. He mentions that the fissure formed in 1832, was 
so far a shift, or fault, that one of the sides of the dislocation rose 
alx)ut a yard higlier than the other. § The gi’eat fissure, which in 
1609 traversed the slope of the great gibbosity of Etna and the 
Plano del Largo, is described as having ranged from near Nicolosi 
to beyond the Torre del Filosofo, and to have been about two yards 
wide at the surface, a livid light being emitted from the incan- 
descent lava rising in it.|| An observer should carefully ascertain 
the directions of such rents or fissures whether large or small, and 


* Dana, Geology of the United States' Exploring Expedition,” p. 217. 

t Ibid, p. 259. 

t It is stated that there arc 52 of these subordinate volcanic hills on the west and 
north of the summit of Etna, and 27 on the east side ; “ some covered with vegetation, 
others bare and arid, their relative antiquity being probably denoted by the progress 
vegetation has made upon their surface.” — Daubeny, V^olcaiios, 2nd edition, p.^272. 

§ Kecherches sur la Structure et sur TOrigine du Mont Etna, par M. L. Elie do 
Beaumont ; “ Memoires pour servir a une Description Gcologiquc de la France,” 
1838, t. iv., p. 111. 

II Ibid. p. 108. 
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always with reference to the complication which may arise from 
variable resistances, even in the prolongation of the same fissures, 
to the force employed, seeing especially if the greater fractures 
have continued to preserve any definite directions at different in- 
tervals of time. 

M. Elie do Beaumont has called attention to the fact that these 
fractures so often starring Etna, and into which the molten lava is 
introduced, there hardening and remaining, must produce a tume- 
fiiction or elevation of the whole, each eruption of the mountain, so 
characterized, having a tendency to elevate the mass of the volcano.* 
The same reasoning is applicable to all volcanos rent and fissured 
in a similar manner, and the abundance of the resulting dykes of 
lava is often a prevailing feature in many. They are sometimes in- 
terlaced so as to show differences in date, hose of one time cutting 
those of another, exhibiting proofs of repeated fractures through the 
same general mass of volcanic matter. 

In examining some volcanic regions, the observer will have to 
consider, as above noticed (p. 323), the probable differences which 
would arise in the structure and arrangement of* the accumulations 
from a part or the whole of them having been produced beneath 
water. At considerable depths in the ocean, beyond those at whicli 
an equal temperature of 39^*5 (p. 96) would appear to prevail, not 
only the pressure but also the constancy of that temperature and 
the mass of water possessing it have to be borne in mind. As- 
suming a communication made, whether by an elevation of the sea- 
bottom and the bursting of a tumefaction formed by forces acting 
from beneath, or by one of those adjustments of the earth’s surface 
by which more or less considerable fractures are produced, he will 
have to recollect that a great volume of water, with a low tem- 
perature, would be at once brought to bear upon it, and that not 
only are the usual volcanic gases absorbed by water, but that the 
very pressure itself might tend to drive tliem into the liquid state. “f" 
It would be out of place here to enter into the }>robable effects pro- 
duced under such conditions, further than to notice that, supposing 
tlie communication made, and the elevatory force sufficient to lift a 
body of molten lava, so that it could pass out of the volcanic orifice 
or crack, the observer has to consider the effects which would 
follow. However any intense heat might permit the existence of 

♦ “ Memoires pour servir a une Description Geologique de la France,” t. iv., p. 118. 

t Dr. Faraday has shown (Philosophical Transactions, 1823), that sulphurous acid 
gas becomes liquid under the pressure of two atmospheres, at a temperature of 45^^ 
Fahr. ; sulphuretted hydrogen under that of 17 atmospheres at 50° ; carbonic acid 
under 36 atmospheres, at 32° ; and hydrochloric acid gas under 40 atmospheres at 50°. 
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the vapours and gases observed at subaerial volcanos, before the 
rupture was effected, as soon as tlic water came into contact with 
them, a ready supply of tliat at 39^*5 pouring in, the more heated 
water ascending, as so heated, they would disappear as they rose. 
If disseminated amid the lava thrown out, the great pressure upon 
the latter would produce its effects upon them, while the low tem- 
perature would soon act on the external liquidity of the lava itself. 

From such a state of things to the minor depths and surface ol' 
the water, great modifications would be expected, solid lava, 
(supposing the struggle between the forces brought into action to 
be such, as, on the whole, to permit a gain on the side of the volcanic 
products), probably prevailing beneath, while there was an admix- 
ture of more scoriaceous matter above, as the accumulations rose 
into the atmosphere. The whole mass would be liable at all times 
to be cracked and fissured, molten lava rising into the rents accord- 
ing to the pressure of the time upon it, and the tumefaction 
mentioned by M. JElie dc Beaumont progressing. 

The extent to which sheets of matter could be spread in various 
directions and at different times around submarine volcanic vents, 
would necessarily depend upon circumstances; among them, the 
absence of piles of cinders and ashes into cones, such as are formed 
by the discliarge of vapours and gases through lava into the atmo- 
sphere, being important, so that when fissures were produced, 
molten matter flowed more freely out, in the manner, so far as 
liquidity and the absence of cinders and ashes arc regarded, of* the 
streams which poured out on the flanks of Mauna Loa, in 1843. 

It has been seen that volcanic vents may remain for a long time 
dormant or closed, and then lava, cinders, and ashes be driven out 
of* them. The probable differences which would arise in such cases 
with volcanic accumulations beneath the sea and those above its 
level, require attention. It may be inferred that, beneath given 
depths of water, where the rents have been more f‘rcqucnt, and the 
lavas have more frequently been thrown out, there may be such a 
mechanical resistance to the new application of an elevatory force, 
that an increase of heat may soften and even melt some of the prior- 
formed accumulations, for the most part readily fusible. Thus a 
dome-shaped mass may be raised, not finally splitting, in given 
localities, at its surface, until even above water, and the quiet 
cracking of Mauna Loa for the length of* many miles, would appear 
to show us that conditions may arise, even in subaerial volcanos, 
permitting the heating and softening of a volcanic crust to within 
comparatively moderate distances from that crust. 



CHAPTER XX. 


VOLCANOS AND THKIR PRODUCTS CONTINUED. — THE CALDERA, ISLAND OP 
PALMA. — SECTIONS OF ETNA AND VESUVIUS. — FORM AND STRUCTURE OF 
ETNA. — ORIOIN OF THE VAL DEL DOVE, ETNA. — FOSSILIFEROUS VOLCANIC 
TUFF OF MONTE SOMMA. MIXED MOLTEN VOLCANIC ROCKS AND CON- 

GLOMERATES. — MODIFICATION OF SUBMARINE VOLCANIC PRODUCTS. — 
PEAK OF TENERIFFE. — SANTORIN GROUP.— ISLAND OF ST. PAUL, INDIAN 
OCEAN. — DISTR1P.UTION OF VOLCANOS IN THE OCEAN — ON CONTINENTS 

AND AMID INLAND SEAS. VARIABLE PROXIMITY OF VOLCANOS TO 

WATER. — EXTINCT VOLCANOS. — MINERAL AND CHEMICAL COMPOSITION 
AND STRUCTURE OF BASALT. 

That domc-likc elevatior.s of volcanic products have been formed, 
MM. Von Buell, Elie de Beaumont, Dufrenoy, and others consider 
they have sufficient proof. Some notice has been above given 
(p. 318), of* the equivocal appearances which may be presented by 
the “ craters of elevation* ’ and the ‘‘ craters of eruption.” The 
Caldera, in the Island of Palma, Canaries, is adduced by Von Buch as 
a good example of the “ craters of elevation.” A large precipitous 
cavity or crater is there surrounded by beds of basalt and conglo- 
merate, composed of basaltic fragments, dipping regularly outwards, 
and is broken only by a deep gorge on one side, through which 
access can be obtained to this central ca\ity. White trachyte, 
and a compound of hornblende and white felspar, arc also noticed 
among these rocks. There being no mixture of* scoriae or ashes, 
and the beds of molten rock as well as the conglomerate presenting 
a uniform stratification, it is inferred that the wliole was formed 
under different circumstances, such as beneath water, f*rom the 
ordinary eruptive accumulations of a volcano, and had been up- 
raised in a dome-like manner, until finally the rupture was 
effected, and the least resistance being in one direction, the lateral 
gorge was produced, the whole presenting the appearance of the 
pear-shaped termination of the fissures in figs. 115 and 116, 

M. Elie de Beaumont has given a valuable description of Etna, 
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illustrating the same views.^ The Val del Rove shows on 
accumulation of many liundi*cd layers of fused roc^k.s, somewhat 
resembling the modern lavas of this mountain, intorstratifiiMl with 
others composed of fragmentary and pulverulent substances, the 
beds varying in thickness from half a yard to several yards, tlnxse 
of fused rock commonly tliinner than the fragmentary dejv>sits. 
The surfaces of the former arc rough, and their outer jmrt is 
penetrated by cells to the depth of 8 or 12 inches; wlienec IxhIs 
only 20 inches or 2 feet thick are c'clliilar thruiiglnuit. The 
thicker beds are s<did in tlie middle and rescmhlc certain trachytes, 
labradorite replacing orthoclase. The fragmentary UmIs wrv truv 
tuffs, tlieir structure similar to those found in the CanUil and Mont 
Dore, the component fragments comjKi'Jtd of the s:vrne sulistaiu'cs 
as the fused Ixxls, sometimes scoriaceous, at otht'rs compact. The 
beds of the Val del Rove undulate in dillerent dii\*ctions, varying 
from horizon tality to inclinations of 20^ and without their struc- 
ture or thickness lx*ing alterid in a constant manner, fhey are 
traversed by a multitude lava dykes, the nn-k of'Hhich i.** of the 
same kind as that of the fii.sed b<‘<ls. rii'-ULdi take \ariou,s 

directions, it i*^ considered that there i.« a tendency i»n the whole to 
one rang-ing E.N.E. 

The gx'm-ral f^rn of Etna will l)e n the ucc<»inpanvlng 
viow ifig. 12^^ taken from <»ne of th«»s<.* in t!><* atlas oi M. von 
M aherhausen.'^ By it the very slight tIm* ..f tlie g* neral mass 
to til#- {-entral (rater will i#<* o|.;4, rvt^l. as uU* the great boak in 
ifoiit, kn<'Wn a> l\v \*al d* ! IVoe. when* th»* ne re ancimt \t>l- 
canic accuiiiulal!'*ns an* (•••n-ider('tl t*» U* While ihi^ 

view may thus lx* u«*‘ful in sljowing the* geie nd outline tRo 
mountain, far a- views embmung <‘*'n?!id» rabh* aroxn nuv do 
the annexed sixiion Iroin wtsi n. east Mig. will more ror- 

rtxily give llie real shaj><* *4 Kina, taken ihr aigh tin* Val d«‘l R*oe. 
therefore s^imewlml across the (uiiline repres<mu*d in tin* view, and 
exhibit the steep de«ct*nl through the clitls of ilml great break i>r 
depression on the flank r/f the mountain. 

• ** IlMolret fwrtif •enrir • uiie U Kmnrr,*' totn Ir. 

AciMirditkg U> If fjif (U* liMUiiiiubt thr t#f thi’ Eta* foltovri 

I (#rM)iUcii4l rutkf, ouijr b) rjrcir^I *d i brr<uu’<^m« 

rorkft. 3- UMkltoi^ rorlw- 4. Itullcwl prbbtr*, Utrmiu$ » Uu«? t»l KilU m 0»r junrUon 
af th* Fkub uf CbtiuiU «bd lU* of Eitm ^ AtiHfoi fonniuK Ua* 

««(asr|4Dc*t*u round iW V«J drl Uuvr ; nu4 6. Ifotirm rrupn<Hk* (|« .VI) 

i ll«{it and \ kruft of t tiui. 

I TiJiLeti fruiii l>r Abich'* *^ KrUuUTtbtr Abbti<lor4|frtkl*rt>)uffi»4)w'f llrwbrltmn^vli 
b««»b»«:bt4M mm \'mut und At'tt**,’' |»f. V, ikiUn. |S37. lu tM» M>nio(i, thr rrnir for 
hth dtl and di«t nr^w i ii,* > 
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M. felic (Ic Iteiiumont quotes M. Mario Gcmcllaro as pointing 
out tliat the central mass of Etna i.s comfxised of two cones passing 
into each other ; one, interior, formed of ancient volcanic pro- 
ducts, the other, exterior, formed of imxlem accumulations. These 
two cones are upon the same axis, the ancient nearly east from the 
modern cone, whence they do not completely embrace each other, 
the modern not altogether covering the ancient, and the products 
of the latter being exj>ose<l cn the ca.-'tem .side of the mountain, 
aspecially in the Val del E«»\e*. TliLs considerable and sudden 
gap in Etna, M. Elie de I?eaumont agrees with Sir i harles Lyellt 
in referring to a great subsidence of that jiart of the mountain, in 
the same manner as the much larger v-.lcanic* mass ‘ f the Papan- 
dayang fell in at .lava in 1772, an<l that of ( arguainizo subsided 
on the 19th of July, Ib’Js ; a volcano c<>n.dden <1 previ >u.dy to 
have rivalled its neigld>»ur ( JiiinlKJray.o in beiidit. M. Klie de 
Beaumont refers to t!ie p»ssiblli(v of the lava which lifted the 
ancient mass of Etna liaving Ixtui ab>traelcd. >•» that the nectlful 
previous support of the portion now cccupi« d bv the Val del 
Bove being removed, depre.<slou ^va^ the re-alt. He consulers 
Etna to have Ix'en an irregular erater of elevation, the upliiting 
force not having there acUxl in the same simple manner as at the 
Isle of Palma, Tenerilli', and M onte Soinma f Vesuvius j.J M, Elie 
de Beaumont infers tliat the first-f»rmed dep>its were nearly 
horizontal, successive fissures presenting channels ft»r the out- 
pouring of very fluid lava which spread round in various directions, 
in the manner that sheet,s of basalt are -cen to have done in 
many countries, and esjiecially in leelan l, cinders Ix^lng also 
ejected, so as to alternate with the fluid iw' Up»n the accunm- 
lutiums thus produeed, the elevalory force i- cv-iisidered to have 
acted in the manner descrilx'd. 

In like manner, the part of Vesuvius kuL wii as Monte Somma 
has been inferrexl t»* Ik* the remains of a cmiei *f elevation, which 
has been broken through, so that it became, in a Luvat measure, 

* “ Memoircs jniur servir ii uiu' Description G^ologiquo de I’la.jce,’* t. »v., p. 124, 

t “ PrinciploH of Geuloj;}-," 4th edition. 

X ** Meiiioircs pour servir n uae l)eM*riptioii (Jeoloitiquo de Fruiice," t. iv., p. 188. 
M. filio do Uoauinont further obl^erve^, that ” the force which raised the gibboaitj 
of Etna ap|toara to have acted not on a single and central puiut, but in a straight 
line, represented hy the axis of tlie elHisie, of which the southern, northern, afid 
eastern flanks of the Val del Hove form a ))urt ; and it s<*enis to have acted unequally 
on the diflenmt parts of this straight Hue, so that its western extremity, uusweriiig to 
the actual volcanic vent, has been more raised than tiie rt'st. An elevation of this 
kind could not be produced without the upnused masses l>eiug broken, and the rents 
ought chiefly to coincide with the line of elevation, or diverge, radiating, fruni its 
extremities."’ 
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covered by the eruptions of more modem times, tha^^c cliicfly which 
followed the great outbreak of 70. Hie section* (fig. 101 ) will 
serve to show the general outline of this voleuno, well ns tlie 
portion of the cone (Monte Somma) wliich existed prior to that 
eniption. After describing the volcanic tuff of the environs ol 
Naples, showing that it is coinjH'^st'd almost entin'ly ol the debris 
of trachyte, tlio greater j>orti«»n of the fi'acinents contaiiu*<l in it 
pumice, that it wa^, in j>arl at least, fossil lferous,t and inferring 
tliaf it wiis arrangK^l in IhhIs under water, J M. IhdVenoy i.bs<Tves 
that the tutT of Monte Somma is the (••ntinuatl 'n «•< tin' same 
acinimulati'ms, and quotes M. Pilla as ha\ ing dist'- vennl shells 

in it.§ He pnnts out that aniMiig the liinest<*ne tnaeiia nts in the 
tuff of M<*nte S»mma s.>ine are e-»vered by ‘■mall r/'u/ i •*! the same 
sjxvies th«*K‘ which adher<* t*' tln‘ r k- '»n the «*1 ^'ieily, 

an<l that these fissils n-t In-ing in tlie it;ot alienvl, they pnoe, 
even iii Te llian the gener.il iii**p“«iti ‘ii 1 the tutl, tb-it it luts l»e«‘ii 
form(*<l l»eneat!i water, aial <ub.M-'|iu*nt!y r.oM-’l i • ii'» prr’-^ ni inoi/ht 
on the M<*nle »'^*niina. This tutl, with it-' iragnM-nt^ or jH-iiiih**, .4 
!ime''lon«* feMniin'»iilv ‘■aoeliaroid » and *1 lOHarr* - 0 “ nsk^. M.Ibt- 
fren *v comidvrs. witii the laMi ^.-i.ited witli it -n M' nto S.nuna, 
t*' lia^e Us-n ujino^^l, in a Nau]t«‘«l manual, ly x-ioaruc t* rr. s 
aciinj tr •!n !• neaih, the erupti^'n?- tinaily f ■!»*!. nj \ent 
t».is eh ^at<‘»! aial t ‘nninj tise ]e* ^ n! \ « “ 1 be r • ks 

C' inj»*s.nj M !!!»' and ar« p « it as dil- 

iert'Jit. !.;h the lavas “! N»iniZi:^ r» n*hh' erv''tull.ne r‘4 k, 

<*u !i Its an i tra‘ nvt#-, tja \ < '•uvi.iii pr •ju«. !“ aro rzaeo u*-. 

*1 ii» !• nil* r a:* e. ■'{*]» '*‘*'1 ‘d hie;?*-, .oijit* , Lduad^nte, az»d •'‘Zie* 

9 

• f f>*m \ I,? h I r-^- i.ru.i, .^<1. t 

um u*jJ \\> t'n‘. JWT * or #<*'-«> t.* 11 it Or tame 

fur fcjunl iniit il -ii.fhji fi-> m i f l.ttm on ti.r mmine 

PNT*' 

s SI ( Sit molfrr* 1*1 ..f iiuu< 1*1 *r ni'O £*^<' 'Ir U Km**'', 

I n 1)1 ;?♦**) iMlvi* e- ih** .f Mr le-uii m V' •?.<, 0*^*1 

T niiKi e~fti '/ttd ►r'fii’ik, to* it , f* 1 i if tiAt' li.it to(? < <«*tj**k.n**l t.e* 

fuf'i/twm, hmm mmMt mn-^i •i ti-r-- 1 ,^ Ititnf* Hi Sir l.-r , Mitt} .-f 

S,/ Oi %y|t 4 (l*f i 1 **^ 1 1 * 1 *-* of f rTtiitri- l-^r fi.*tij*f« luf! <rf Itir * 

't.Jlll Iiif< I It„ fltMlUrW, tlilt/M fiM li**** O.r ijiUJtytir't In iJie luU of 

I’lftiblipu, < M <nB U nJ M. l-Ul»o, nWlrr N*|*ir*, •it*t lotttil* in “O * r 

; M. iNiffiHMEfS imTf I ^it /" SI«i«»oirtt j«t«f , t i» , |* ), Uji4 iMt luff 

ftroiiititi frt m f- inrlar* i« 'i f-wri in • 

difvrMMMk mrtr tAumrruu» in Utr tjtt0 of itt lb* t*ir»r>* 

iM'Dtv o«i tlii' «<* Tlteif I4m lo iufrr tK*l tl^rt 

jditr W-^ rMttknl Utr ftUtOMintil r%r*|i« of giwi mluuh tfmttflmwl ib» Ittflo** 

iLrir II ( |» X4l>ftWo In Utn lutf. 

In IW «Lriri*tW«Mtat 

^ TW f*jMnU frntitd hf H tMUi«f« T^rti» 9 iki r4M«et. 

M«tl * Ml M. Ikiaitito 
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rare nodules of olivine ; while the latter, when a>mpact and cry«i- 
talline, are funned of crystals of the onler c»f feL«|iar, but differinj; 
from ordinary felspar, alblte, and labrailorite. I’hoy, moTcover, 
contain crystals of green augite, some ncxlulcs of olivine, and some 
mre plates of mica. As with the lava and tuffbeds of the Val del 
Bovc, Etna, the lav'a and lull* of Monte Sonirna are traversed by 
numerous lava dykes. 

Without multiplying examples of mixed bed.s rjf conglomerate, 
tuff, and lava, wi <K*eurring a> to n nd r it probable tliat these 
volcanic accumulations had U en ef!ecle<l Ixmeath water, mention 
may be made of the evidence on that liead obtaiiud by Mr. Dana 
among the Inlands of the I^acifi<s the clf.H’riptions given of >uch 
aggregations at ()uhu, and Maui I Hawaiian group;, and 'luhiti, 
poss^'ss much interest in their g’c^’logical l>e:iring'i. ."^Mme fif the 
nainded masses in the conglomerate of Kauai are stated t*» contain 
i>0 cubic f«*et, lying against each oiiit-r, the intersti<es bi-tweon 
filled in with pebbles and liner mutter. At Oalui there are s*jme 
finely-laminated tulls, which as much jvant to their formation 
beneath water as the conglomerates.* Molten rexks and con- 
glomerates are mentl<*ned as alUTnatino at Tahiti, s«‘ine of the 
.'itones in the latter lx;lng ''lx Inches in <liameter.t In such islands 
W'e have merely tlie uj)jH‘r |>»rtions ot“ volcanos alx>ve the level of 
tlie .‘''ea. As resj>eeis the evidence ot their uprise from situations 
where large rounded blLH.*ks aial j>cl)bles could l)e* formc'd, the 
simple tumefaction c»f tlie volcanic mound, (Voni the causes alx>ve 
noticed (p. 3^1), would alone aid the upliiung of !x‘aches and 
various deposits, in minor depths, to heights proportionate to the 
hitiXKluction i>f tlie matter filling dykes tra\ei'^ing the mass, and 
to the extension of the various de|)osiis of ashc" and cinders, and 
of lava, by heal, eo\ering after e«.»venng \\as aecumulatt*tl, 
independently ot any great force applkxl from iK iieath, and tending 
U> dome out and perhajis throw ufl' the flanks. 

The observer will have to consider the probable fig^lux^s which 
Ixds would take round volcaiiie islands, if wc are to sup{K)se 
some volcanos, now inland in various parts ol‘ tlu' world, to have 
Ix^en once islaiuls, the deptli of >vater around them at diilerent 
times would much Inlluenee the arrangement of their mineral 
products. We should ex[>eet the dejH>slls which now Uike place 

* Dana, *‘Gculugy uf thu L'nitcd States* Exploring Ex|HHUtioti,** pp. Si»t, 

207 , 208 . 

t Ibiil., p. 2a.*>. Mr. I>ana desoribefi the general dip of these bedi» to be from the 
central imrt of the island outwards. Che central rock* htdiig more eompaet than thoee 
on the exterior and leM veaicular, more trachytic and »yeuitk ( p. 2203 * 
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around and amid the Hawaiian Islands Xo he, much modified, 
as regards general arrangement, from lho.«c of any volcana** in 
shallow seas. We must refer to previous notices ol’ vtdcanic ash 
and cinder accumulations in tideless (p. (iO) and tidal seas (p. IH)), 
and the working out of soft from haitl volcanic matter by the 
breakers (fig, SO, p. 192, as pointing to these in^Kllfication.**. To 
these may be added the condition of* volcanic islands, such as those* 
in various parts t»f the iK*eiUi exjxist'd to almost ci*asc*less breaker 
action, sejwating the harder IVian the sid’ter volcanic products, the 
volcanic mass gradually rising, from time to time* ; great suUu'rlal 
eruptions, and }x*rhaj>s submarine also, U*ing eiU*cleil. Very com- 
plicatinl arrangL*ment of parts cc*uld sc'arcely but arLx*. and much 
admixture <»f molten matter with conglonu rates and finer volcanic 
sediment, be the result, and this imlejKndently of any accumu- 
lations at considerable depths, which, as they ri'.«e, would U*come 
acti.*d uj>**n by the breakers in a similar manner; to U- afterwards 
covered with sulxieriaJ aocumulati<'iis, should Aoh-mie acirm con- 
tinue alv'Ve wal< i in the elevati*tl mass. 1 lu* acc4»mj»unving \ iew 
1*1 the 1*1^ of IVnerille < fig. 1 o2k by M. Ih ville.* taken from 



noar Santa I pfuLi, luav t*. ilUif^trAti- ih* of ilial 

tain, fumlain<^ita}!v due I** the fU'\af»o|j of Ik^U of lufi 

uti«l titolu n k ar< utid iht fttral portion, uji*on whuh the sole 


* Urn IlM Oir IvtamAr •« tM? 
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aerial cniptions have furmed the present f’eak, i\9 also the cutting 
back of the mtiss at the level of the sea hy the breakers. 

As to the elevation of volcanic accumulations, the island of 
Santorin has attractetl considerable attention, not only from the 
discovery of organic remain.s in the tuffs, now raised aUne the 
sea, but also from its general form and its history. Dr. Daubeny 
inlcrs — with rcsjxjct to this island, or rather islands, the larger 
known to the ancients as 1 hera, and the second in size as Thc- 
rasia, though there may l>e some uncerUiinty as to the whole of 
the little group having been thrown up in historical times — that 
some considerable convulsions may have cxicurred, to which early 
ancient writers refer.* Whatever obscurity may hang over the 
exact times at which the Santorin group, or parts of it, were up- 
raised above the level c*f the sea, there appears none as to clianges 
having been effected in its isles and islets by volcanic action fr»>m 
remote historical times. 

Nearer our own times, it seems certain that a pr)rtion of this 
volcanic mass was raised above water in fanning a rock 

known as the little Kaimeni; that there was an eruptl*»n of pumice 
near Suntorln in and that, in ITuT, a new r*»ek r<*80 

between the Little and Great Kaimeni. “ which increased in size 
so rapidly, that in les.s than a ijn»nih it Ix-ciune half a mile in 
circuinferenee, and had risen 20 or 30 Let al>»ve the level of the 
water, constituting a third island, which was called New Cummeni, 
a name wliieli it still bears.'’’f" Some pe*i>(*ns landing on tlie up- 
ralseil rock to collect oysters adhering to it, were compelled to 
leave it from the violent shaking of the ground. The cominence- 
3ncnt of tlic island was llrst obseiwed the 23>rd of May, 1T07. 
In July, black smc»ke accompanied the uphea\al of the nK;ks, and 
much sulphuretted hydrogen appears to ha\e been disc*harged. 
Stones, cinders, and ;u^hes were shortly afterwards ejected ; showers 


• Daubeny, DcKcription of Votcam>«,*’ 2ud e^iiiiun, p. Dr. Daubeny ref«fa 

to the statement of Tliii) , that 130 years aAer Uie separatiK ^ nt Hierasia, the island 
of Thera was thniwn up ; ** a statement,*' he observes, “ ctMiiirmtHl by Jusda and 
Plutarch, as to the fact, though not as to the date." * * * " It is to this trent 

that Seneca set-ins to refer, \ihere hes^H^aks of an island thrown up in the .Kgean 8ca, 
by an accumulation of stones, uf various sUes, piled one upon another." • a ♦ 
Pliny also speaks of another phenomenon of Uu' same kind, as happening in his own 
time, fur he tells us timt iu the reign of Claudius, a.i>. 46, a new istami called Thia 
appeared near Thera. But as he inentloiis it as only two stadia distant frma Hiera, 
it is possible that the island may have been Joined to the latter by a subset|iiaat 
revolution, as by that recordi'd to have taken place iu the year 726, by which liiera 
is said to have been greatly augmented iu point of sue.** 
t Daubeny (Description of Volcanos, p. 321 who quotes from Father Gorac, an 

«•' ' • i»f Ihpr . n fntm isi ■ ttfl II #h t iil t\t^^ 
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of tlie two latter sprcatling to considcmble distances. 1 he volcanic 
action continued for nearly a year, more or less; indeed, during 
ten subsequent years.* As Dr. Daubeny remarks, this clevatory 
action has not yet ccasetl, inasmuch as a reef found by tlic fisher- 
men to have been raised, durmg a short time, to within 30 or 40 
leet of the surface, was in 1829 uscertaiiuHl, by M. I>idande, to 
have no more than 9 feet water over an area of 2,400 by 1,000 
feet, the ground gradually sinking around iVoin the eentrt*, and 
less water, bv tw’o feet, was obtained abi»ut two mniitlis aiterwards 
by M. Bory de St. Vincent. 

The aca»mpan\'ing (fig. 133) is a map of theae islands, willi a 

Fig. 13.1. 



«, It, a, tt. . /. n»rrfc*t* • 

* ** I& Jta'}, fi**' wnrr nH at U>rrr •( a 

*4 O* j*a<4** ffx^ua ti** italaW at ai**.! 

a liarrxi.l I'la.'k Mm/kr, tfom 

{liai II aurociZiJ, Ju m. li^r i.a!i*r% iit k^tankw i*r aa«l 

tottiitJui;. ttxm» iu l^ia^krtaiig Mixr-r xraarla, Mxrm* U' t«**c 

uf aulpi.urt'O*^! fvmic daxt aftr-fx»ajvU iht iw watr^ra ftxm i*iH, 

ai»4 44^1 »rrr tjirvwrj u{«^r> tl.r A fn^htlut *ubt«irfm«Mrai4 waa 

al Ihr aaMr Umt k»t»g at/viam* of ISifr #aar li*r gtooiatvl, a*>*J alotwra 

U^jnuaxl U* W tHil, iitoOJ tior »x»ck* t*rx ator U ti»r U iUU talaja4 ».*-rlg1uaJi» 

t^ataUf^!L Nl*oairfa of aaJ^r* iu»4 |•umkcv rtirt*-!**! o%rr ii*r ara, ctrulo llwr ruaait* 
A«la MktMut aaMl ifcr JfarxlaiarU'a, aik4 all U*r of iJka aaiftli la Haa 

tturloo TWar at»4 atcalia/ a|^«ii«t*r««», <>uoUiao<^ r««ut«U ikm ktlaiaf Utt arafit a yrmr, 
afiri aioict. aw«<fatiig iiritaaiiw^ *»f itirtB, Uul a tirume aiti«i*k«' ita tt*r I Jaij, 14*^, 
UMr aaaur «tli«rr«rf ^Fa^Jbrf itutxwf hm4 U>r !« aiinNtatHi U** I*iaa4, 

imt mhtm ki» tpoal a|f|ia^«iMrt««4 i»tfl«ia Ujl* |^«an»a <4 M, fk>>c laaiaiig of liar wafrr 
4r<<irt»4 Ian* ffoia Hr mmU lOuMh^r ifiaU, t**»i ••• hmk t') » 

rioaatl «f iMaoAr aiaf r4t»4trt% rtmlaf. Tbli 

foUuaffHt Uj a^Micau* of fa4.t«t4 atoum, f««aa mhitek >*r ♦ari aa rt l | M wt Tba 

W iai ta rn . Hmmiktv4, Om Ibr iMaal «f Ib* taala* ba4 ««maMl a«r»| all tiMr tfoia 
aauMi ' UmOmmy, * lHacfi|i4ioii uf % p W 
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sicetch of the banks and form of the ground beneath the sea, as 
shown by the late survey of Captain Graves, RN. The crateri- 
form cavity in the centre, with its depth oi’ 213 fathoms (1,278 
feet), will be at once apparent, with the shallow depth on the west, 
dividing it from the Mediterranean in that direction. Ecjually 
interesting is the deep channel running to the northward, with as 
much us 990 feet in it, reminding us (S those figures and descrip- 
tions of* the craU'rs particubrly brought under notice by Von Duch, 
where a great n nt appears to have U.-en effected on one side, form- 
ing a ravine entrance to their c-entral, and often otherwise inacces- 
sible interiors. Such a fonn also will again remind the observ er of 
the jiear-shaped termination of fissures noticed above (figs. 115 and 
1 Hi), imc wliich would s*j residily accord with tlie fx>wer of a force 
acting I'roin Ixmeath upwards, 8«> that il this was exerted in the 
centn^ of the group of Santorin, and a lissure extended m^rtherly 
through the deep clianitel there presenting it'ielf, there apjjcar* no 
inechunical difficulty in supp»dng a siunewhat yielding covering, 
rendered s-s in a great incie^ure, by heat, opening outwards in such 
a nuuiner that the chiel* tissure would suffice Ibr any re»piired sepa- 
ration of parts, a certain uniount of cohesion still remaining. It is 
needful, in e.slimatlng the efleets which w«.»uld be pndut*ed in this, 
or in a ssunewliai similar nunner, to reganl the whole mass with 
reference to proportion and real sections,* that no undue value 
should l>o attaclK‘d to heights or distances; and also to the niiisses 
of limestone t)f Mount Elias and the hill on the north of it, a range 
of that limestone on the eastern sale ol’ tlie ishmd (marked by 
straight lines on the map, fig. 13i>) having to be taken into ac- 
count. It is uHo easy to conceive — indei‘‘l, the variable intensities 
of different eruptions from the same vulcanic vent {)olnt tiv the fact 
— that tlic action wliich at one lime inu\ elevate a considerable 
ma^s, may at another, and after time, uiul)le to cause mt»re tlian 
a central movement in a vt*leanic veiu.t 

l*rofesst«r Kilwaid Eorl>es and Captain Spr.stf, R.X.. who visited 
Sant«>rin in IS II. >tate that "the osj^kvi i-t tlu* U»y is tluit of a 
great crater filled with water, Thera aiul I heriisia funning iu 


* Tluxw? oonilruottsl witjj th«* same for hei^hu 

t When noticing tht* upri^o of (cruutui aiul «ru|tthm» %i SiMKorin by lb* 

Father Uuree, in 17o7 «iiii ITuS, lir. c«ib Attention, m iupiMrUUit In tbv 

imturtti hi»tury of vuloAttvM. ‘Mluit in chU m in many ulhen, Ibe mnantnin 
apiM'Am to Wu eU*%Ati*\l before the cnMer existed, or fAMuiti ttMtttaf* wern 

Uirontt out. .\ce«irdin)( to Bourt;ui|ttmu, •moAe iM>t obuesmed tlU M diya «|l«r 
Um A|ip««rAiiee of the r»i»ed roclu." Iheeeriptiuu uf VuleniiiM,** TSUL 
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walls, and the other islands being after-productions in its centre/’* 
In die Little Kaimeni tliey found the clovoteil sott-bottom, fonne<l 
of fine puiniccous ash, to be fossilifcrous.f They were infornu'd 
that similar beds of shells were found on the cliffs of Sjintorin itsi'U’. 
“ In the main island, the volcanic stnita abut against the limestone 
mass of jyiount Su Elias, in such a way os to lead to the inferenw, 
that they were depositetl on a sea-bottom, on which the present 
mountain rose as a submarine mass of rock/’j The following 
view (fig. 134), kindly eommunicateil by (’uptain Spratt, ILN., is 
highly illustrative of the general appearance of the interior of the 
Santorin group, of the ptT>sition of the central Islets, and ijf the kind 
of stratification which occurs arc»und the central oj»ening. 

In a group t»f tliis kind, independently of any eruptiems ihnnigh 
the central cavity or crater, which it would up}H*ar liave taken 
place even in later historic times, brwiker-aetitm iip*ii the interior 
cliils, upon the softer substancers especially, wt uld tend U> degrade 
them, and deposit the detritus, so derivcxl, in the central depres- 
sion, a deep cavity in a tiJeless Sc'a, as the Mc-diterraiiean naiy U* 
considered, as far as repirds geoKigieal cllivts. In like nunner, 
ako, heavy seas ix*lling over the gap facing the s^-uth ueM, U twivn 
Therasia and Caj)e Akroteri (Santorin), whea* A.‘-prt* Inland rU*s 
ab«*ve the s1ki11<»w Iwnk eoumvling the chief i.‘land> (the brim »*f 
the Volcanic basin, slightly c*»vert*tl with w.iter),§ lend f^nv in 
delriud matter. at the Uiltom <*f the c'entral eavilv, 

varying in depth from t*. l./Th firl in its eur\e«i 
round the Kaimeni, w^uld kxmb well at n*st, except us regutds 
upheaval cT depresfri<<n from ^dleanu action there prevailing In 
caax.tti where animal life udght U^-‘ine extensi\ely tlesiro>nl ht* 
the boiling of the water**, a reatly supply *4 ihe geniis, e\en ol 

• li» • Irtlrr fmm Profr***»r I. It/rljrt Im I»r U«ubrin. *|u«ar«i by ihr Ultrr lt> hu 

*■ I>eicrtfrtion of \ a^»<l MiUou, |i 3i4, |h 4 *< 

t FrofrMK#r K. turt«r^ ibfiirtn* tor tUr «rfr Ihrrv <4>ta|nr«l 

ptkmu, Jrttt tfirwpma, ttMjttsm, T*<.*k*t T Ittmmimtm 

T- T. (Xmktmrtt, TtirU> T 

trtn/itatii, AWrn (WdAtmm J*lrmn4umta yritnh 

* ** My oiiii U." awlOb i*n4r>i«(/r } * Ui*i u.b of itUiilt 

roikiMiCaUs# • eratrr < f ttbici tUr imirt ot*cot mv lUc trnkmiM of ilir 

wliilii tl»e crtilfml i«*of liurr ftt«4 of u}>hc«%cxt m-* 

biMttttft MMt of rruyM, Uowr%rr, UtmUi the •urWr of ilu 

•mitrf."’ 

I Cjummeiithtig iiiUt tii» mmthert» |K«tai of TWnuiU, il»r *>h>« fbu 

Uftib of fU« rrMrr to W Mircinottrly U, ii, 66, m»u\ U f«*l * 

ai wlacii ariioo oouit] rooot tOiarU tlMaHwo* r UO tl»o Uiliom. 

dtirfaf bimv) icvlcob • ptboi, •• • •uaXc^i n«li, rUtoif lOftior Wiocro 0*9 

mill Mid 4^ 
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those inhabiting deep water, eouUl be fiirnisluHl by tlie (liH‘p 
channel opening to the north wanl ; one also throngh which the 
heated waters eould ilow outwaixls on the surl'aee, while cixiler 
water suppliixl tlieir j>laeo by inflow’ Ivneath. As reganls the exjio- 
sun? of this clumiu l to w’ind-xvave action, a glance at the charts <»r 
tl»e Agean Sea will show that it is comparatively well shelt^ rcil 
by Xio. Sikiius and Polykamlro. w’ith the Uink comux ting th<‘s<' 
islands, on the north and nt>rth-west, while Siphano, Pams, and 
Xavos pn‘\eni any gn^at range of sea exjHtsiire still furtlu r U-vond 
i1k>si' islands. 

h.vajnining the cliarts ol' r<»asts or i‘.]ands wlien* \'»lcanos o<*c<ir. 
various instanoi-s will l>e found bv the oliM rxt r in which tin* ^« a 
more le^^ enters tlic ct ntr.il cinitic^ rr.ttrrs. or wlioie, by u 
little more eutting away of tin* r‘ !ij..;iilng w.ill^ the cra!rr Itv 
breaker acli'-n, or a slight eli.tngo *-1 !*i;uL"nj somo l<>w»r 

part of its lip furtitor down, a ^in.-lar <*nt:anci - t iho w.-\dd U- 
I Lc inland -t St. Paul ni.iv U :,vk« n in ilbotiati *n >{ a 
eraU r jti^t • l-ir laid n by broak« ! .i* ’. n. that ih*- p rti n • 1 
tiie brim ot lUr b.*s:h shr<'Ugin u Lj« ii th* -«acjjtor‘« i- d'v 

at w lido. Jf w:il iv n bv l.n* ... j«lan <!./ 1 ’• » . 

le 



that tlii*- littb isLnid, Natwly go, ./raphio.d mib • fi .m .N.W. t 
.'”‘.1’.-, :Uid af»'Ut im!o Ui »4d fi'*m N.I.. i - S.W , in th* 

U swimn th<* ulh <4 un i lie wr'^t ot 

Ik'IIi/ lli** leaDs! ina*'** «t dt\ lainl, aiiil 

III lhan J,'* imb s df.*Uiii», i» ihc iie ie #uimnil o| ^ \«>lriUio. 

With it* c uijuaJHon, AtusD rdain ULiJeb it fornii* ii mnarkable 
jiD.4iusi *t4 through (he (MKiaii ainid a iitaM **1 vkaUr^, an • x tv! lent 

< JUJ(i|4c *4 ti#e iij/hlliiig' o| %'4(iiiitc fiuitler thr^'tigh ihrfu, 1 li^tt 
>ucli uu’tr ifh uld b*.' e^uily DiUiOtd by btimkef tw’tmn* 
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unless some luinl rocks should Ikj accumulated, would be expected, 
and the foregoing plan (fig 13.*)) and aecomjKanying view (fig. 
13(1),* would seem to show that its abnision by such means is now 

Fir. l.V». 



a, Nin<»-rin ILx-k ; /i, Ktitranr** to rrat<*r-lak<* ; r, Cliff, exhibiting the united 
action of brcakcr« uiul atmti^jihoric iiifluonrfu ; r/. Dark-ooWiurctl rork» dipping sea- 
wnnl ; r, Section of a dark- coloured ; f, Th#* southern j»oint of the Lland. 

bciiiL’" aeeoinj)lislied. 3'he hiLdi ellfis, sev» ral lumdrcfl feet in 
elevation, ap}>ear the remains of' the aecumnlatlons cut liack by 
tlie breakers, ceaselessly at w^^rk In surh a -ituati-'n, the amount 
(»f removal on the X.E. of the idand Inung, to a certain extent, 
shown where the anchorage (u) » f the surveying ship, the Fly.’' 
is marked In that direction ••n the chart, acii|s»n rand and .'ton«*s, 
and beyond which llio depth .'•nddenly increases seaward. 3’he 
greatest height of tlu‘ Idan 1 is stated to lx‘ ^Jo icvi. The Xine- 
Ihn rioi k {(t, fig. F‘o) is merely a harder jnTti^ n left hy die 
breakers, and it may lx* hifeired, the present breaker aetkdi con- 
tinuing to remove the matter of St. I’aul’s Irland, and no new 
eruptions adding to its mass, that in time such jM»ints might alone 
remain above water to attt'sl the ibriner pivsenee of a volcanic 
crater, the walls of which once rose several hundred feet above the 
level oi the rea.t 

The distribution of volcanos over the tact *f the gk*be will strike 
die observer as necessarily impi'^rtant wdien '■eareliing Ibr their cause 
and studying their etleets. It will also at > 'u e l>e apparent to him 
that independently <»f the iiUKlllicatlous whu k may arise in local 
conditions, so that the same vent may bi‘ at one time, with 

variable degrees of intensity, and dormant at another, there may 
lx‘ gwat general eondititms bt'coming so p<.Tiuain iitly cliangid, tliat 
a region once maiked by voleanic action may ' tat U* consideretl 
as ceasing to l)c so, that some very considenible ni ditieati *n in such 
portion of the earths crust must bo clfccted to pr**iluce a return ot 
that action. In consequence of such CiiinpUcatcd conditions it be- 

• Frt.m that acc<»jnpanying Uie Admiralty chart of the Ulaud of St. Paul, by 
('aptiitti lilttckwtKHl, K.N. 

t In the view alHJvc given there U an apparent int erst rat i6cation of differently- 
(ihaded n^ckfi, perhaps of lava* and tud'. IHiring the abnuUng prt»c««a by the breakcra 
Uieao would neceaaarily he acted upim according to their relative bardneit am 
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comes almost impossible to separate active volcanns from those termed 
extinct* inasmuch as we can scarcely be certain that many of the lat- 
ter may really be such, and not in a comjxiniiively dormant state. 
As a matter of convenience, therefore, rather than of princij^le, it 
has usually been considered desirable to separate volcanos known to 
have been active fn>m th(^e never reeordcxl to have lK.*on so, though 
often presendng the forms which they ttK>k under suljaerial erup- 
tions and lava outflows, atmospheric inlluences having little changcHl 
such forms. This division, however convenient in the pivsent 
state of t!)e subject, should not mislead the observer, nor will it d<i 
so when he regards volcanic action ^n the larger si'ale, and igneous 
pDxlucts generally, during^ the long lap.^e ol ge<il<»gdeal time of 
which we c’an obtain any rehitive ree<*rds. 

It has long iKm n'lnarketl lh;:i active v.*lcait**s are t hii fly, 
though not altogether, situattxl ;.!ui«l, (T at m«-!enite distami,** 
fi\ * 111 , oceans and seas,* a eireum^i.iiu'e cn imp-rtanl 
as ix^gards their pr* -duels, eSjH'ciaily iu? a^jia-cais >ajN.urs 

and certain ( f the g:LS< ^ It w >u!d le < ul cf place I-* 

enter u}>on the hyjK»t}iesc'> fnimcd in ( • nx- pa ?u'» , tuiihcr than 
t<* call attenti- n t-" ji-unls wni- h apj’i ^r imp’-rtaut ** r liic^ < ih eli\«* 
study <*f tin* subji'Ct, First, h- wim ri'^jx - t'» the t.icl** r» e -rdc^l. 
l'p<n glancing at any < f the iaaj»s -4 ih«“ u rM whu- • ri thr exi**!- 
ing kn<*wlo!gv lean-**, t • n^i•k mnI ntlv actl\r. 1*- la:d 

d ’Wn. we fm 1 them in t!ie <»<‘ean x p.i*’‘.ttin^^ Aiiu raa !i< m Fur* ]«• 
and Afrlcxi, ranging in p int*-, * r gr« ..j»s of F irr Fiu 

May< nV I*-Ln-] ^ n the n* rtl , by F- lan*l, lia- (*.mary. 

( ap* de \ erde FLnds, ii. aral 1 ri!nd.id .''^ ulh Atlanti- . 

to Tristan da ( ‘urdai on th* s atli. < *ii - n* --i-lt- . i the %iu.« w.tt**** 
the line of lie \S esi ln<i^in \“lean »^ pr*^ nl* tlx It. In tla Indiun 
Ocean app^r the ^4llo\^hal Kati*r«'*l g 7 * up** < f i!i«* IsLiuF I 
I5*>urb-n, Mauritius, and I^-lrigue/, and l)a i-FiltNl p-ini- 

of Si. haul and Anist^ fdam Islands. In th*- untral p*rti -ii * ! the 
Pacific are the Hawaiian, ,Mar*pit*«i>. and N-tu iv Fland** group, 
with Easter IsEnd. On ihe le rih of ih« '*ana i<<-an the rang* 
of the Aleutian vents, having a N-ineuLil W.S.W. and K.N.F 
direction, 'as if up*n a great fussure.^ into the n*-rih-v^t*<*t -4 North 
Amc'nca. lo tiie w->tward of ih«- Ahuiuin \ **!ean-^ u rang*' of 
vents, commeneing with the ^^timuhat hdty ^ohanoi* m Kams- 

efamkit, pr*iCHA*^ls 111 a Nnitli-Wf*fi direction ihrt^ugh the Kunlc 

lidiimls to an<l lj«-y*ind Japn. Smthwaid *4 the EtU'r,aii*i lia\tng 

• JM. lauitatii ou* u* ( iuauAlit i, il««< *U«ul five m wtJ) of flit 

nywK i d of iLc «urU anc m4 vi citcuit»»Uoc«4 
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a north and south direction, arc the volcanos of the Bonin and 
Mariana Islands. On the S.E. of Japan a pcries of vents com- 
mences, which, ranging down by Formosa and the Philippines, 
passes round in the fonn of a huge fish-hook, by the X.E. pr)int of 
Celebes, Giluhj, the volcanic isles between New Guinea and Timor, 
Floris, Sumbawa, Java, and Sumatra, U) Barren Island, where a 
central active cone ri>es amid water, entering from the sea on one 
side, this interior water lx milled, except on that side, by a scries 
of cliffs.* Eetiirning to the Pucltic wc find the volcanic group of 
the Galapagos in that ocean, off tlie c^^ast of Quito. 

As rcsjxicts volcanos on continents, or in seas more or less 
intermingled with them, the vents of »S*uth America constitute 
by far the most important range. After quitting the volc-anos of 
Tierra del Fuego, a space intervenes northward l^r s< \eTal degrees 
of latitude in which thi’y have n<*t lx*en notleetl. Ihen sucet‘i*<l3 
the long line of the ViJeanos of Chili, K*veral rising to Cf^msiderable 
heights above the sea. Another break then occurs, after which 
volcanos ajipcar in the Andes of Quit**, C'»topaxi, being one of 
them. PiU^sing the Isthmus of Darien, the vents r>f Ciuateinala 
come in, sueeeeded more iU‘rtherly by those of Mexico. C* mtinuing 
in the same direction velcanos lx*coiiie scarce in North Amcric’a, 
a few points only beung noticed in Calili»rnia, up»n the Columbia, 
on the island of Sitka, and in liussian America, f where the Aleu: 
tian range joins in. Active volcanos in Euroj'C are confined to 
the Neapolitan States and Santorin, the latter be'ing inferred to be 
merely U»r ilio time, dormant. On the c»>ntinent (►f Africa no 
active vents arc known, Jcbcl Tarr, in ihe Bed Sea, being os 
fnuch Asiatic as African. With respect i * Asia, the great mass 
of that contincni apjK'urs (omitting the K im>chaikan peninsula), 
to be at least, in a great measure, without active vents. Tltougb 
doubts are expressed ic‘s[K\.ting such ^enl>, ilie ^tatemeuls regard- 
ing volcanos in C’entral Asia are deserving (>i t'\ery attention, and 
numerous warm .‘Springs would apjn.'ar theia to U- found, under 
eireu instances which may connect them wiili \ . k-anie aeliun.* 

* Von Buch (hit» ii>ljuid ta highly Ulustmtiw of » of eruption in thn 

midst <»f a crater of elevation ; and l>r. IKtuWny obaervea, that *• if »e eoanpnre thb 
locality with Santorin, then* w ill be found nuthin|t but the abeience in the Ullar emm 
of an active vent in the centre of the l»ay whert'by to dUtin^uiah it ; and from McmiI# 
Snniua it chielly didVra in itii lower level, which cauaea the bolti in of |ii« ermtar In 
be »imk lieuenth the water# of the ucean.‘* •• Ihncriptioii of VvkiaKio*,’* p. 
when* a view uf llarreu Uland u itlwn. 

t Wranijeir# Volcano, on the Atna, 

I With rei»|HH*t to the >t»lcano» ut t Vntral Asia, ltumlK>Uf, aAer ohwrrvlBg that 
Abel Reuiu«at ftrat calll^t the attetili* u uf geolu|tiata to them ( Viuutlaa d«a Itinea, 
t. V., p. 157), rviuark# (Koatnoa, Sabine’a, 7th aditWn. p that tnarr b '*• 9Va«t 
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It will be perceived that tlie statement as to theac communi- 
cations with the surface of tlic earth bcinp cliiefly found amid 
oceans and seas, or not far from them, seems lx)mo out Volcanos 
in Mexico and those of Central Asia, assuming that there arc still 
active volcanos there, would apjKjar the princijxil exceptions.* 
As respects the former, it has been held by tlie advtvates of the 
necessity of water as one of the causes of volciinir action, that there 
may be a connexion along a great fissure ('Xtending in an east ancl 
west direction acrt>ss Mexico, vents Ix'ing cstablishetl up(»n it 
at Colima, »Ktnillo, PiX^oca to jx*tl, and OrizaKu With regard t4> 
Central Asia, it ciui ho inferrotl that it is a rcgi«»n which nuiy 
have once been in a great mwisure <*('oupiotl by an inlau<l m-ji, 
waters being then supplied to tlu- vulcanic ItK^'i, as is now siipjvvs^'d 
by some to liapixn in the vulcanic regions of the Mc4litciTam‘an.+ 
•Should the pn.‘Stmci‘ of water U‘ c«*n‘-i<]cr<'4l •nly n K‘C(*n(larv 
cause of volcanic action, it w.*uM f allow tli.u during the chaiig*' 
of levels whicli have taken jilace oer LrLf an a^ <11 the mrlir** 
surface, circuinstaiu-es rnav ari-i-e that ‘•h uM at * ne time jh nuit 
the easy acvess <-t wat«T t** g^nat bs^uh ^ » r .t|H rturt ^ ••1 any 
f»rm, and at aiv»lher j*rcNem it. l io:** aahnj in ch.m'^dnL' acti\e 
Vulcanic region.- int^* tii t4'nn«-ti ♦ xtinct, ind* nd* ntiv "t the 
tenninati<-n ut utla r and jK rla»p- in r» g» Ju ral <’ rid:t: li" Ir iii 
.which V* Icanic acti n may ari'-^ . If we reg.i:.! iIk- 
anx'unt -f d.n* land whiclj w-uld U « waU t bv 

cliange? <1 the nLliv^* b\»l •*! ^ a .uid land, -a* ii a- ha** N'« m 
n^litwl in th< linti**}* I‘•!and^ Uig V.‘j. it u* aid apj»* ar that 
purU of Frana might j-'n^-titui* i-Lnd- at » ju’ tim* whe h 


V(4<mtikc disftitt. tSr Thian i** wlairh l*c 

from wbrnc^- < f t r-iii* in, mul tKc I ni/ '.,»r • Utr- o»* uic-ai . 

hrti ) r»f T urfan. itf'tti iiic t>f %f.r **f C' ■ 

Iftf'liwi < ><’^1, / > IV i* «!•,!. tntlr* (tx m iJ • 

ITj ia»'i triiW i$\nn ihr l«Ji<r» **1 ^ 

HidktitCSi/ • • * ** ]| I* ti<a rir* riittrtiU f< Uuk »tv t' 

d4*»erirnr»iii la \Ut writer* ft*inr fern iJ • 

mcrttmirnmM l*i ImrttiUf m«*«rr<« t»f 1^*^nu*g iw «% t»* 

•uud 0tr ^um*uutittig in th* tint ftU^t rc^tilufw* •'< 

imr «tv" 

• K4W|MirtiA|r tl>«' of tJ*r Mrtlrai) %olnu»r«ft rrmtkfk* 

fXiLttMr'ft, Til* edit.. }» XX/ l!**! JoruUo, I*<*cwwlr|»Hl, *4*4 0**- \ t4^4Uio <lr U I'rwifun 
mrt rf«|w«nurl> 1331, wwj IIA natirs* ftimi U.r t«rr«4t 

1 brfrrrtir^ tit* UiC' reiMrAAtk furl lh«l »t» Ihr <4 t ^ 

•f»>w«xrr, ill <|UAnUtjr «iwl vofumc i** turi* « mUt u 

th* «l«4Tt II bor^fUM;* ftWftlWwcKl l^|^ 1«M l•<»Ct* tttAnlr, «* IllutlnkUttK lU'' 

m9|ao)tb«^ ijf wtarf if* *<00^. Ili*l of w«t#f Iwtlug liC^ 

IPMtw ftM irA(«*arii;, $m»4ttrtttg mtiui rrti|»noii* fiww Mr »M4l*'k- 

Uiiid, Trmm/' gu4 Hrrl**, tol t,, |* ««i4 

V«4- M ., pif nu, jrj3 ; - |WTl|«Uu«i v/ I oIrMtC* *' 
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water could have more ready access (from proximity) to any 
volcanic foci beneath, than at another.. Thus, supposing such 
supply needed, il‘ it were sU^pped by changes removing the sea to 
greater distances, a region containing active volcanos at the one 
peri(Kl, might present only extinct craters at another. This, even 
under the hypothesis of the water Ixiing essential, might not 
necessarily be always the real cause of cliange, inasmuch as the 
general conditions, pnxlucrtive of volcanic action in siich districts, 
may have been exhausted, s^) tliat whether the supply of water 
was or was not altere<l, that action berainc extinct 

Whatever may Iuinc caused volcanic fires to have ceased, there 
arc whole regions, independently t)f portions of districts in parts 
of which active volcanos still exist, or liave been known in historic 
times, which oficr clear evidence of volcanic action liaving pre- 
vailed, sometimes extensively, in them at no very remote 
logical jxT^d, loose piles of cinders and ashes, and lava streams 
being 1‘oiiiid nearly fresh as when ejected. The district ul 
Auvergne, in central France, luis f*r ab«*ut a century engaged 
attention, us one of extinct volcanic action,* I his seems to liave 
continued lor a long period, various pants of communication 
liaving been established bit ween the Interior of the earth and the 
atmosphere at dillerent times, and cliangal and mfKlifiotl results 
the c<mse(|iience. In addition to Auvergne, similar accumulations 
are found in France, in the Cuutal, the Velay, the Vivurais, the 
fV'vennes, and in the vicinity of Marseilles and Montpellier. In 
Germany they are seen in the districts <.»f the Eifcl, the Siebenge- 
birge, and other places. Hungary, Tran>ylvania, and Styria, 
present their trachytie and other igneous pi -Klucts. Extinct vol- 
canic action is als^ traced in Spain and Saiilinia ; Italy offers its 
extinct as well as active volcanic accunuiluti' ns, as dt»es also 

• It it) now ulnnit a century since (1752) that tJucttanl fuiblUheil his ** Memolrt* 
8ur quclquos Montagnes »ie la France, qui out etc dcs \ vU’aos t^Memoires ile FAei^ 
tlcmie tics Sciences)." .\s rciranU general views of the e\iiiut volcanoa of France, 
the observer will fm«l them in Mr. 8crojH**s ‘*Ge4>U>gy of t eutral France,” IS27 ; in 
the “ Memoircs pour 8er\ir u une Description (JeoUtgique ti» ia France, ” ( 1 38), 

and tlie “ Explication de la I'arte tieidogique de la France," lS4l, by MM. Dufrenojr 
and Elio de Beaumont, and in Dr. Daubtmy’s ** l>escription of \ oiennos, ’ 2nd edit., 
184S. More than 70 }enrs since M. Desmarest publisheil a reap of .\uvergne, always 
iui verted to with satisfaction by tliose who have visittnl that region. As Sir (.'baries 
Lyell remarks (“Principles of Geology,” 7th edit., p. 51), ** Desmarest, after a emre> 
ful examination of Auvergne, pointed out, first, the most recent volcanos which had 
tlicir craters still entire, and their streams of lava conforming to the level of the 
present river-courses. Do then showid that there were others of an intermediate 
period, w'hose craters wore nearly efi'aced, and whose lavas were less intimately 
connootod with the present valleys ; and, lastly, that there were volcanic rocks, stiU 
more ancient, without any discernible cj-aters or tcorur, and bearing tbe olosest 
analogy to rocks in other parts of Europe.” 

*) W\ 
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Greece, wlien including its islands. In Asia Minor, extinct 
volcanos arc found, and nioiv cspi'cially in the wide di.'?tri<’t ol’ the 
Katakekauniono/ With resiK'Cl to the Holy Lind, the destruetion 
of Sodom and Gomorrah has Ivcn attributi^l to volcanic eruptions, 
and volcanic accumulations are elsewhere n<»tieed in the kuiu* 
land, and in Pei*sia, and its adjoining e«*untrit's. Ihmhtless, also, 
many other n'gions, not yet explored hy llu* gc'ologist, will Ih^ 
f*»und to present similar accumulations, ami iiuUwl they have Iktu 
noticotl in the gn3at continent of America, 

In various |>arts of the world, as well in region.** where lava 
streams interniinglotl with ash and cinders. eithiT]»ihvl up eMiiically, 
or more evenly distrilnitCHl. are n^t apjMin nt, as in th<»se where 
active or extinct vnloanos exi>t, ciTtain r«^‘ks ari‘ found to whi» h 
the name lamlt has K‘en given. In ihi a|>j>li(‘atiMn ‘if ihi.*J namt*. 
care h;is not tilways Ikvii taken to disiinguidi the .-aim* eom|»*»und 
cc'iisidercd chemically ami mineral- »gi‘ ally, lliat in the matter of 
fusibility al'iie, su!»-tan(‘e-' s- ternh*<l dllh r - -mewli.ii nuiterially.t 
Fine varieties --f greenstone oliaKis^-), eon^j-^tinL' “f orth* and 
h<*niblende habeas <‘ft<*n U'en t- rmnl ba-alt. as tli -s-* *1 l.ihrad-»rit».* 
and augite ' <1 i]rnio|. If, with M. I*'-e, h -rnhh nd-* and aucit** In* 
con>i-]en\l '<n!y m *liiicati -!> of iho -,»:ne n»ineral, ihl- w -uld loave 
the dillereJKV --1 ih-x* • vari* tie- --f ba-alt I ■ e-rei-t in that -. 1 ’ 
the tw . frl-jiar-. Tic- !»a-a!t -i lie- M> fit H r !tu- U- n stated to 
C'-nia:n !► tSi the iO»L'it<- and h ;nhlMi«i-- t rn*s -•! ihl- inim ral. 

l*as ajain < miallv t - <.**n-i'! *.f 

inaLmetlc ir n. and a mineral of tfie 7<** !:iie tanelv.) d he nn- 

• ilftniituiii a»»<! S?Orki* 2 *J (<#r» J Trunt , S ••rr-f-ik % ! , 1-41 l 

** TfU't-i* in Antft .Mio-'f.' 1-^42. b> Ui*- b rtr.« r i iKr 

pn*(iuci» uf iLe Kft:*k<‘kHutn«^u', at to e.r»< Ur 

iiccuniuUuuoiii of ilitr Ifct*. nr*- %«• fr<'*;. Kmi 1 Utt »u I 

•roriv «lill tooie aiKl u|» at i*ft< r in.n»oh*t< iLn Ut a *irvtkUi* n 

few utreguliuf; pUuU tkl-nr for int-ir ^’rowU.. 

f Ihiriuff lb< eipK-hnieiat on th<* of r«- k-. to wi.k.'i allunon ).a« n 

•Uive lnJui^. IK- found m&rke^i itjfr«*rmr«'^ h» iJ.at of tj*r tc-ritiol l«a».ali* 
for tijr tbf- diff**rt'Hf uU'Ur %**.»<-), nunlaJ, 

ma-i t-ei'Ci pLftr*4S'l. t^o tljui ni a< oU4- ma) Ihk'i. a* uf f rr;«itt kulrktaiKr- *. 

af«(ahrr m»T tiJtV4S ttiiurr*! maOrr uddrl to »l, ti.rrt ut-rr ktdi t -nd, !»n> orj^Mual 
diift^rturr* Jl itm» IN- Snuaaurr- (Ji^urtia) «lc PJ.'t , tl^iit l<a>^aU 

Kn«'H* at Tt. of 'Vlu <'i|«r'rjiiK'Ut* of ^lr i!«ii { Imu* it* jal N- of 

\oI % ) to tl**-!* lioit wliiaatoiir, 4»r IjKIMitt, ft* it hft* Iwt it r«l!c*l, lf<-n» 

>io!aty of l-dinluifjfli, luv-ftUir a*, ft ftt ft t4*m|jrrfttur4- frt*»ii if- t** ’ % U 
ft fMhftt. ft* l>r l^ftuli^'uy rnaaxkt ( In*.* nyi$ifU u1 \ uUftuo*, p en>). lufrftof to tioil of 
ft If iiwMK fktiuftr 

I lo tKe t4itti|>u*iiiuti <*f thu WH^liiir nurM-rml, |>r l4ftulM*n)' oWerw* 

i l4r«Mr7ipi)4iti of \c4*4UiHft, p I#/, if.ftt jt *1* *u<i. ft* t4i luipl* tikfti it nifty fui>i 
formed oul of tftbrb*lofit4- by th« «4diiioti of eteWt, ll*r |*fr*<rt*rr of *»hi< It 111 aH ftii-IUf* 
I* liir ui tijift bubldtuif op umlrr li*r biot»pt|«r. tMbKb fa** iK-^aftlofMid ibt-in b» lx- 

dbUiiifwkaM hy U«ai fenefftl ap|«rUatiob/' Foib/wlnif out iltia xiew, it 
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certainty in tlic employment of the term basalt, wouW appear to 
require attention. Thus the rock.s which encircle the Peak of 
TenerifTc, and usually nc»ticc(l under that head, arc referrcfl by 
Dr. Abich to his class of trachyte-dolcrites. While endeavouring 
to trace the sources whence certain igneous rock.« may have iK.cn 
i>btaincd, even sometimes with reference the melting of ma«ses 
which may have l)een accumulated by means of' water, rir have 
been intermingled with sucli dop*sits, rnincralogical and chemical 
distinctions, as far as they cun iuirly Ik: carried out, would appear 
very desirable.* While at times sheets of basalt cover exten- 
sive areas, at otliers they are mingled with ordinary volcanic 
products, apparently, tluTefbre, ejected under dissimilar conditions. 
Basalt i^ .sometimes highly vesicular, at others very C"mpact ; these 
mfKlcs of occurrence are observable over areas of diflerent extent, 
both considerable and limited. 

As regards the relative antiquity of basalt, wc find it noticcKl 
as w'ell among the ancient as the more iiKKlent volcanic prcKlucts 
of central France, and among the more mo<lem of the Vivarais in 
the south of France, as also in those of the Ellel.t It is noticed as 
intermingled among the ancient vulcanic rocks of the .Siebenge- 


dofiiralilt' to consider how far a change may be brought about in a compouiui of aug'ite. 
niaffnctic ir<»n, and Inbnnlorile, so that the latter in'came mtxii6eii i>y water after 
ejection. The vesicles of basalts, as, for example, those of the north of Ireland, 
arc often filled with zeoUtic minerals, the results of infiltrations into them, quite 
as much ns nfrates, Jcc., also found amid the same rocks. In fact, incer tain districts, 
the vt'sicies are filled with a variety of substances, tlie zeolites forming only a part 
of them. 

* As respects the chemical composition of basalt, iiuluding that of Teneriffc 
(trachyte-iloleritc of Dr. Ahioh), the following table of basalt, from Saxony, (1), by 
Mr. Phillips, from lianlieu (2). by M. Boaudout, and from 'leneriffe (3), by lir. .Abich, 
may he useful : 
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! I , 

2 

3 



1 44* .M) 

5U-.) 

■ .'>7-76 

Alumina 

1 16-75 

W-b 


Prot<»xide of iron . . 
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4 64 

Peroxide c»f iron. 
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O-Pi 
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Lime 

1 0- bO ! 

1-3 

' . ' • 46 

Magnesia 

! 2-25 : 

, , 

! 2* 76 i 

Potash 


1-6 

j 1*42 i 

Soda 

! 2-60 , 

5-y 

6 • 82 j 

Chlorine . . . . . 


1 

0-3t> 

Water ...... 

1 2-00 j 

•• i 

trace 


t On tins point, Dr. Daubeny remarks (Description of Volcanos, p. 42 ), when 
mentioning the occurrence of Imsalt with the fresh-water limestones, near Clermont, 
and the proof by M. Elie de Beaumont of this liasalt forming dykes amid the freah- 
water fonnatioii of the Limagne (Me'inoircs pour servir, Ac., tom. i.), that while it 
occasionally underlies the trach)'te and subjacent tuffs of the dUtrieta, ** its general 
relation to both these rooks indicates that it is of more modem eruption.** 

2 n 2 
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4(>4 

birgc, os al^ of later date in the same district. Ihusalt is de^soribal 
as amon^r the ancient ipic^nis nx'ks of Iceland. It (X'curs in many 
parts of the world when* its relative date is not so apjnirent, some- 
times forming the isolated caps of hills, and resting upm other 
rocks, in a manner panting to the considerable or pirtial dc'struc- 
tion ol* some great sheet of this r<X'k. fhis has Ixen snj>p»se<l 
the Ciise with the basiiltic lulls in pirts of Germany. 1 he largest 
area iXX'upied bv basalt seems to In? in Iinlia, where rocks «*f this 
class apjx'ar to txTUpy one of ‘JdOjXtO s<jiiare mih*s.^ \\ iih n*sp'et 
to this rex'k, a tine exhibition of it is found in the iu*rth <»1 Irolund, 
where the Giant's Causeway and the udjacent o-iintiy lia\e hmg 
attracteil attention. Though on a mueli smalK*r scale, tho i?>hind 
v*f i'^tafta, Hebrides, has nls4i l.>ng Uen C'ljually ei lebrati «l f *r its 
biiStilt. In the north <*!' Ireland, it> enipti<*n was p*s!erl‘T to tia* 
f*rmation <'f the chalk of the sana district, lait the p^rtl'‘n the 
tertiary jxri^x] to which this sh»'ulil Ix' lelcrn.'il is iv i elciir. 

d'h‘'Ugh by 11 “ nu-ans c"ntinc*l, ain 'iig ijnt'- u.'j i«- Uisiilt, 

the spherical and columnar strueture." “ti* n <le\eb'p*4l in that 
nx'k have als • 1 aio attnict<nl much at tent 1**0. 1 he mui^r rical 

sfructim* on llie small H*ale in \«'lcaiac r-cks, and al?*** 

in arliticial gia>s^, and whit h ha- l»c» ri previ u‘!y tv -tict d, Wt add 
app'ar to* lai' o «*•** n pr’«ilu<'*xl “fi th«' l.ifg* t nal* , uial* T o llaiii 
c in la^alt'J N inetinn-^ th;s th i uLu ••tne ture, a** *'h>>wn 

> 1 ^ ri durinj th»- ikx - n.p sit.' n -1 li-c r^k, i- 

ir.’'<VuLir. • that the wh' le l.a- tia .(pp ar- 
a!i ■** ‘ { b.ill*' *'! >an u-d.nii* ti-; n- pilc'i n:* 
wiiiaai! mu* h ojd« r tig. 1 ’»T . at • t}}« 

- a grtat * td* i pre^ail^ an*i tlic t n* r« t 2 li- 
ar*- eitljo; r lighly arratig*d a** \*' “U* 
another in wide sphepa^ia! *. - r ?-* pr» ,ic.on-l « .e )i * sh* 

as pr«*(l’vat* prisms, ^aneiiimf* >•! >ejv min« tn* al t tin**, h 
Mr. tinyory \\ati sli wed i>y In’* ixpiimenl** *0 lu-.c:, 
llial wlien, in the c'»»diiig **f a in It* n ihiip* “! liait r • k, i* c 
‘iruclure waf uiid “ IW“ ^p(i< f•a*ll^ cuine int - c -nta t. 

1 ' jM'fH’tfatr *n < but the tw** Umin ** jutajia- mutually t • 

ai*d s*'jiarat»‘4fl bv a plane, will tlehn*-*! and with 

"U^tv <.'4 ur/' hiyl he o|j<wr%e^l, wdan WM rai i»pheto»df» m«-t, ih *’ 
la y f Anno! pti^ni* t 

• i X k*m i I 3Wi»ctir*« , j* » .t***^*’' 

U- tlwt OjtV*r tut pfm4* u*|. r«#<r#U-|S •** 

<t 0Km ii I fliiamr 

« < iM» IImmJI ia»«l tu«» Um tftm U«r It-* t*****^*^ 

tUfJl^ octnm Ut Urn giwimi i4 UMit. 1 
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From the arrungrrncnt obscrvwl by Mr. (rregory Wutt, he in- 
ferred that “ in a .stratum compwctl of an indefinite numixir, In 
sujxjrfieial extent, but only one in height, of iin{K netrablo«phoroi(U, 
with nearly equidistant centres, if their pTipheries could come in 
contact on the same plane, it seem.«» f»bviou.s thxit their mutua' ac tion 
would form them into hexag<»ns; and if tliese were resisted bc-low, 
and there was no (qq»o.sing cau.se a])ovc them, it seems c‘r|ually 
clear that they would extend their dimon.«ions upwarl.s, hnd thus 
form hexagonal prl.sia«, whose length might lx- indefinitely greater 
tlian their diameters. The further the extremities of the radii 
were removed from the centre, the nearer wr>uld their approach be 
to parallelism; and the structure would lx* finally propagatcnl by 
nearly parallel fibres, still keeping within the limits of the hex- 
agonal prism with which their incipient formation coinmenci*<l ; 
and the prisms might thii.s shrK>t to an indefinite length Int** the 
undisturbc'd central mass of the lluiil, till their structure was 
derangeil by the sujxrior influence of a counteracting cause.” 

It will rc([uirc the cta'eful study of this class uf‘ rfxks, more 
particularly in a decomjxkSCHl state, far the obsi‘rver to iis<.*ertain the 
extent to wliicli the view of Mr. (ireirory Wutt may be applicable. 
Where one j)lane of a sheet of UiSidt may have bevn exp^xl to 
e<xling intliicuees, so that the .«pheroiJ;il structure cou Id be first 
deveK»ped in it, and in the manner suggested, and als<» so that no 
other spheroidal bcKllcs could be dcvelopj in the general bdv 
of the rock, and tints interfere with the extension of the t>riirlnal 
spheroid, there would not appear much difliculty in following this 
view. In tlio.se biisaltic dykes that are sutlicicntly eonunon in 
some districts, where we may suppose that the walls of the fissure, 
which had been tilled by the 

molten rock, presented equal 

cooling conditions, we some- 
times see, as in the subjoined^ 
section (fig. 138), tliat the 
prisms shoot out at right imgles 
to tlic walls of the containing / ^ 

rock (Jc), as if cacli set commenced at the sides (d and e), 
confusion arising at the ccntrul portion («/).• In cases, iJsu, when 




* It Bomctiinos happens tliat the central portions of a basaltic dyke are more 
prismatic than the sides, as if the cooliii); had been too rapid at the sides for the pro- 
duction of this arranitcipent of |uirt8. Again, tlio prisms are sometimes found raniciiig 
from wall to wall of the fissure, as if artificially-cut prismatic blocks of rock bad been 

piled in it on thoir sides. 
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not a trace of joints can be observed, as in the annexed section 
(fig. 139 ), where the columns {c\ arc seen to rise at right angles 

Fig. 139. 



fo ilio suppi'^rtlng rock (d /*). whlcli mny W of any kind, igno^ui.^ 
or ncounniLiloil in water, the ]>rism« reaehiin: tn the lielght <>1 100 
fc*C‘l or m«»re. jui oriiriual e»HiHne’ h'Wer j)]ane may have prKlneed 
the prisiiLc throughout. Also in iln'M* « ur\etl e«-liimns '>1 Uisalt, 
where, as in the fdlewlng sketch (fig. Mo). n‘» joints are apjarent, 


Fig. 14<> 



uj^-^n tia* w»-itt}ieniig * i tiie k, wc m.tv fupj>«»M‘ that v/.nje 
U li'ieney <1 an -riginal h- 1 <4 *‘pher ‘ids l<» develop ihtunx lv e*^ 
iiiore :u oij< ilir<x'ti'*n tiian an*uh< r. IrMin l ^al rauin*, ha.** 

n s* o»iuinu«.'*l a*- i-- pr «<iue4' t)*e t^i nenil lairM- <4e**r\«-<l. 
h«‘n tie jointing f4 tijv pru^'iiif iw imirk***!. th*»ugh, n** dou!>r. 
up^n ih#* vh'W (»f Mr. (inv ^ry Watt, the pr«*l‘«ngatlMn ••i adtliti^n** 
t*» the ri4/iiat:ng arrangement *4 j*uil> w-^uld render the |*auM> • 1 
tliat whi(h would U* oih<rwi^‘ eon- F»g U1 

<^'ntric c4<tijngH <4 a ^plKToj^lal 

K4iK‘w}iat flat plains*, ^w•r•»^f the ' 

pri>mj!, Bi tliat tiie aim< xod Miuc- 


IH- 



turef /fig 14 J;. might lx therel#y 
kisx'i'^^uniol for, hu(*ti» are <je<4fcj»ioiuiJ]v 
H-t n, wlat*re the ck‘<^4n]iOMte«ii uf the 
joinU would rathf^r p^int lo iJk* pDiiluctton of jwjjuiale ct'iittes 
of mdiath^. i ertain jouita of tlw- irt^rul Uitf of |iruf4imlic liaiwill 
which, dippings into the K*a, foniin the well known Gmrit^* t’uuM* 
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in the north ol’ Ireland, would pcem to countenance Jmch a 
view. Thcfc joints arc obscr^'cd to have 
minor pieces, a, supplemental, as it 
were, to the main joints, filling up corner^ ; 
gnvlng an idea of each joint having Ixren 
a S(‘parate sphere, the minor pieces com- 
j)leting the arrangement of particles in 
the corners, where spliere pressing iigainst 
spiiero, thcs^‘ remained to be filletl up. 
At times tlic minor pieces constitute more 
f»f the wle«le sharp corners of the prisms, 
as repn-soiiifd in the annexe<l (fvj. ltd). 

r)f the intermixture of eonJitijns pr*^ 
dueing Ih.^w^? «>f melted r-ck at raie time 
from the same general \ent, <'r system «tf 
vents, wliieli «:liould take the jn'i'inalic ferm, and at another 
exliihit no tendency to that structure, the (riant'- (.’auseway and 
adjace nt rlistriet in the north of Ireland will atford the «»bservtT 
a g<KKl examph*. I’he same mixture of prl.-maiic and more s^>lid 
])asalt is also to be found in the Island ot’ Stafla, where, as shown 

Fig, 144. 



in the annexed sketch (iig. 144),* tlio action of the Atlantic 
breakers has worn out the celebrated FingiJ’s Cave. 

* KimIucchI from Mocculloca'o ** Westeni liUniis of SeoUand.*’ 


Fig. 142. 




CHAPTER XX f 

on MIP VOl.<'ANO<.— OASKOi'*; FM AN A HONS I' NCONNFrTKI* WITH 
V<»1>'AN.»<. — KK^ri.T" of II. A I'M'.H l> AAIJl* niTl'MINot s 

MfALK. — Mri» VmH ANt*^ IN fllK riAKl l»}sn:|. | — <.> i HK M 

mF I AMAX AVI' KKhrCH — 0 \ MAi l‘l.AIiA» O llI'.I.XTI. — hoKA* 1‘ 
ACII* LA'.rM> or TVS'. VSY. 

MlN'KiiAL nutter is ral«c<l from U'neatli an<l thri'wn out u}>»n th<‘ 
furfiiee th<* Lnround. and and lm.^*** an* e\<*hc'<l, tin* l.iltrr 

ssniM tiines inliamnuble. in a luaniu r wiiirh siJitK r" In 'in, or f ' Tin** a 
in'«Jj:ie;4li''n "t, tije VMlt-.nic jiieN i"U.**lv n-'ti.-rd, i\> \>< uhtIi 

attmti^n. Amid the ehaniM-w durii«L^ iri<- m diliiu- 

tv<ii « t <'ru;iairv volciuiie aeti'-n. it iiuv readily Jl:]'}** ii. a*- ha- U t-n 
t.hal >.ij>"Ur> and certain jLfa-»‘s al in* e-4-a[>*- tr'in "Id 

^ '-ieiihie \rn:>, ari'i mud mav U » • t**«h a- Jr-'m 1 ''ni.'u.rir •, 

Xew Z«'uland 'j). .L' h. In th* ni* i ^ 'he*! w<»uid lend 

I* ‘Show tiic r\t r the connexion U i\%e¥'n \"leanie u< ti-.n, h a'< 
It IS nunilA‘A‘iAth With a mtv ^feiier.J re*«'rid»hiia e, in «#. many 
fcituali 'n> Kralterwi ovi-r the fa< e •<! the ^»l.U , and aiiv l'*('aljlie*, he 
may U- examiiiin;: ; more €**ja'eully \i V'.leanie |»rc\ud in 

them. Ai^ tljc Fulijert at n it rt-^juire^ m »ri‘ aiienti* n 

llun hiw* always Ikv'h aw^ipiol it, inasmudi a** s^'inewlml fundai 
apjxanmeea# may U' broupdil a!>»ui by dijlerent inf*anj». \S hih- a 
motidieution of volcanic acth^n may o*nn«v”t <-<'riam theite sdu* - 
mud volcan^mi, wt they luvc been UTimith ''idt the iiend 
t:aUM: f*i tfmt action, othcri» may cb'j«*tvi u|»'in caiiM-:?* which, 

lhou;,'h |#r<ducm|/ efRv’U of bical iiiijjK*rtaiic^', onild »*i*arrely, le* 

ilte rrwfX of the j,doU*, lx* cv^iiftitU'renl ai» exeriui^* any ^;^reat 
mfiuc*iMX* ; al llic nu mr liitw*, aa rtunnfcAimf' ulu nili'^n- 
ill Uie iv«tiditi'>n of the tmutU'r com|jioain^' i-xen hmilol |«*rln'n*< 
of the iMCumulaliotia oti U*e tiurtii'a irurimx*, tln^y nvjuirv C‘*n* 
fcidmti'iii 
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With respect to gaseous emanations, they arc not only found so 
connected with vrdcanic regions, that their origin can scarcely be 
doubted ; but also in localities where tliat action is either not 
apparent, or where other semrees may be reasonably assigned them. 
Of the latter kind arc those discharges of carburetted hydrogen, 
which rise in several cr>al districts ; this gas occasionally evolved 
in such volume as to be economically employed.* In these cases, 
our experience in working collieries shows us that such gases are 
abundantly prcxluccd from certain coal beds and associated car- 
bonaceous shales, the result of a decomjx«ition of those bxlics by 
which, among other cliangcs, a pr»rtion of the constituent carbon 
and hydrogen is evolved in a gasiH)iis state. That fissures, or other 
natural rock channels, should permit the escape of this gas to the 
surface, and that, the causes for its pnxluction continuing, it should 
have been known during a long lapse i»f time, would be expected. 
Emanations of carburetted hydrogen are well known in the coal 
districts of Europe and America. 

When beds of lignite, coal, or shales highly impregnatc<l with 
bituminous matter, can bo acted on by lieat, ».> that these sub- 
stances may bo placed under somewhat of the C‘nditi'ms of the 
coals in a gas-wt>rk, we should expect results corresjxmding with the 
resistance to the cscajxj of the gas which any ass<.)ciiitcl (»r super- 
incumbent r(K‘k-dejX)sits may offer, wdth the additional force 
exerted by any steam which may be derlvtxl from disseminated 
water, the latter sometimes forming no inconsiderable power lor 
overcoming suj)erincuinbc*nt resistance. In such instances, the 
heat pnduced by the decomposition of ir^n }>y riles, often dis- 
^‘ininated amid carbonaceous and bituinin deposits, should 
scarcely be neglected, a sufficient supply ot air and water being 


At FreiUmia, State of Ne^% York, this jja* ha« lon^; luvn « i in a fi;aM>meter 
for the lightinj; of the plare ; ami, aceorJiuj: to lluuibolilt { it iuiji tjoea uaeU 
in the ('hincse pn)>iuee of 'I'iie-trhiiait. for more tlian vun» M lulbert ttaira, 
that an intlammttble is enipU»)evl in evaiHirating oaliue i at I htuH'-Uetm-uiug. 
*• liamlioo pijwB curry gati from tlie source to the plai'C where it ts to Ih' ooiuiumed. 
These tubes are terminated by one of pipe-clay, to prevent their tjeing burnt. A 
single source (of gos) heats more Umii WO kettles. The tire thus produeeil ia ea- 
ceedingly brisk, ami the caldrons arc rendered useless iu a few uiimths. IHher 
hambotfs conduct the gas intended for lighting the streets and gitnt roonts or 
kitclieus.”— “ Bibliutht*que UniverseUe,” and Edinburgh PhikieophiaU Journal,'* 
IS^k). I'he wells whence this iiiHanmiable gas rises were sunk for tlie purpose of 
obtaining the saline water. This they first aflbrded; but the water failing, they 
were sunk much dee|>or, when, instead of water, the gas rushed out siuideuly with 
consldorable noise ( I i umboldt, F ragmens Asiaiiiiues *'). This seems a good Inataiice 
of tapping, os it were, a supply of liifiaromable gas, pent up in a eompresaed state. 
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effected. Indeed, the “burning,” as it is usually termed, of 
bituminous shales exposed in cliffs,* * * § and through which easily-de- 
composed iron pyrites are disseminated, is sufficient to show that 
this circumstance should receive attention, however exaggerated 
the views taken respecting the effects of such causes may once 
liave been. 

The country around Baku, a port on the Caspian, would appear 
instructive, not only as respects the emanation of inflammable gas, 
but also with regard to the production of one class of salses, or mud 
volcanos. That district is described as impregnated with petroleum 
and naphtha, to such an extent that the inhabitants of Baku employ 
no other fuel. About ten miles N.E. from the town there arc 
many old temples of the Guebres, in each of which inflammable 
gas, burning with a pale flame, and smelling strongly of sulpliur, 
rises in jets from the ground.! A large jet is stated to issue from 
an adjoining hill-side, and the whole country around, for a circum- 
ference of two miles, is so impregnated with this gas that a hole 
being made in the ground it immediately issues, the inhabitants 
thrusting canes into the earth, through which the gas rises and is 
used in cooking. J It was near Jokmali, to the east of Baku, that, 
on the 27th November, 1827, flame burst out, where flame had 
not previously been known, rising to a considerable height, for 
three hours, after which it became lowered to three feet, burnt 
for 20 hours, and was then succeeded by an outburst of mud, 
covering an area of more than 1,000,000 square feet to the depth 
of two or three feet.§ Large fragments arc mentioned as having 

* The Kimmeridge clay of the WejTnouth coast, in whicht here is much shale, in 
places 80 bituminous as to have been distilled for the bitumen in it, offers from time 
to time a good example of the ‘‘ burning ” of a cliff from the decomposition of iron 
pyrites amid bituminous shale by the action of the weather. The heat generated has 
been occasionally so considerable as to fuse some of the clay or shale. 

f It would be expected that these natural jets of inflammable gas would be utilised, 
wherever ascertained to be emitted, by those to whom a perpetual fire could be of 
importance in their religious rites. Captain Beaufort (Karamama) describes a jet of 
inflammable gas, named the Yanar, near Deliktash, on the coast of Karamania, 
probably once thus used. “ In the inner corner of a ruined building, the wall is 
undermined, so as to leave an aperture of three feet in diameter, and sliaped like the 
mouth of an oven ; from thence the flame issues, giving out an intense heat, yet 
producing no smoke on the wall.” Though the wall was scarcely discoloured, small 
lumps of caked soot were found in the neck of the opening. The Yanar is considered 
to be very ancient, and possibly the jet described by Pliny. The hill whence it issues 
is formed of crumbling serpentine and loose blocks of limestone. A short distance 
down it there is another aperture, whence, from its appearance, another jot of a similar 
kind is inferred once to have risen. 

X ‘‘Edinbui^h Philosophical Journal,” vol. vi. 

§ Humboldt, Fragmens Asiatiques.” 
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been thrown out and hurled around.* A column of flame rose so 
high at an eruption near Baklichli, west of Baku, that it could be 
seen at the distance of 24 miles. The country is considered to 
afford other traces of similar eruptions. 

While these eruptions have taken place near Baku, on the east 
of the Caucasus, similar outbursts of flame and mud have occurred, 
under similar circumstances, in the neighbourhood of Taman and 
Kcrtch, at the western extremity of the same range. These have 
been long known, and taking place in an area which comprises the 
Cimmerian Bosphorus, where the Sea of Azof communicates 
through a shallow channel with the Black Sea, they become im- 
portant in effecting surface changes, tending still further to close 
this channel upon the outflow of the river waters poured into the 
Sea of Azof, chiefly by the Don and its tributaries, and not evapo- 
rated in it. These salses, or mud volcanos, arc found on both 
sides of tlic strait, and are situated, like those of Baku, in a dis- 
trict replete with bituminous matter. M. Dubois de Montpereux 
gives sections showing the area to be principally composed of a 
highly-bituminous (tertiary) shale, sometimes with lignite, alter- 
nating with sands. From these bituminous beds asphalte is pre- 
pared, and there is evidently much bituminous matter, including 
naphtha, disseminated in its various forms; indeed, naphtha 
springs are mentioned as rising near the crater-cavity of Khouter. 
In some situations the salses seem to have vomited forth flame and 
mud from the same spots at different times, at others these sud- 
denly rise from places not previously known.t The gases evolved 
from the salses at Baku, Taman, and Kertch, and from the 
Tiicinity of Tiflis, where similar facts are noticed, chiefly consist, 
(Dr. Abich, who has personally examined them, informs me), of 
carburetted hydrogen, an important circumstance connected with 


* Humboldt, Kosmos,”— Mud Volcanos. 

t Dubois de Montpereux (Voyage autour du Caucase, t. v., p. 51), mentions, 
respecting these mud volcanos, that Koukou-oba w as in eniption in February, 1794 ; 
and Koussou-oba on the 26th April, 1818; that the chief eruption of Gnila-gora, near 
Temrouk, was in February, 1815; that an island appeared in front of the Isle of 
Tyrambe, on the 10th May, 1814; and that the mud volcano of Taman was never in a 
greater state of activity than in April, 1835. He comments on those eruptions having 
occurred at one time of the year, remarking, with Fallas, that the only knovvm 
autumnal eruption was on the 5th September, 1799, when the first island was throw’n 
up. In the Geological Atlas accompanying the “Voyage autour du Caucase,’* there 
is a plan (pi. xxvi.) in which the various salses or mud volcanos of Taman and Kertch 
arc laid down ; and in the Carte Gcnerale Geologique of the same work, the districts 
of Baku and Tiflis arc included. Section, pi. xxv., shows the alternations of bitu- 
minous shales and sands whence a mud volcano broke out near Koutchougourei, bor- 
dering the Sea of Azof. 
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their origin. M. Dubois de Montpereux mentions the emission of 
sulphuretted hydrogen when the mud of' Khouter was disturbed, 
and that there was also a sulphurous spring not far distant. M. 
de Vemeuil gives an elevation of 250 feet to some of the conical 
mud accumulations of Taman and the Eastern Crimea.* Iron 
pyrites seems to be found amid the ejected mud. As might bo 
expected, these jets of flame, smoke, and mud occur as well in 
the shallow water adjoining the dry land as upon the latter, 
even adding to and modifying its form. In 1814, flames rose 
through the Sea of Azof, mud was thrown out, and an island 
gradually produced. Among the stones ejected at these erup- 
tions are limestones and shales not known among the surrounding 
strata. 

The mud volcanos of Maculaba, near Girgenti, whence mud and 
bituminous matter are thrown out. Dr. Daubeny attributes to the 
combustion of the beds of sulphur there associated with the blue 
clays, amid which these mud eruptions take place.f He ascer- 
tained that the gases given off* consisted of carbonic acid and car- 
buretted hydrogen. At the time of his visit the cavities were 
small and filled with water, somewhat above the usual temperature 
of that in the country, mixed with mud and bitumen, through 
which the gases bubbled up.J Dr. Daubeny refers similar pheno- 
mena at Terrapilata, near Caltanisetta, and at Misterbianco, ne£W 
Catania, to the same causes. 

To ascertain how far such salscs or mud volcanos may arise 
f'rom other than strictly volcanic causes, or be merely some second- 
ary effects produced by them, it becomes very desirable not only 
that the geological structure of the country should be well ex- 
amined, but also that the gases evolved should be very carefully 
ascertained. According to Humboldt and M. Parrot, almost pure 
nitrogen is found among the gases evolved from the mud volcanos 
of the peninsula of Taman, and the former mentions hydrogen 
mixed with naphtha as emitted from salses of this kind. The stones 


* “ Bulletin de la Soc. Geol. de France.” 

t “ Description of Volcanos.” Alluding to the combustion of the sulphur, Dr. 
Daubeny remarks, that the sulphurous acid being retained by the moisture of the 
rock, and gradually converted into sulphuric acid, would act upon the calcareous 
particles, and give rise to the extrication of carbonic acid gas, whilst if any bituminous 
matters were present, the heat generated might cause a slow decomposition, and resolve 
them into petroleum and carburetted hydrogen,” p. 267. 

t It is stated that at times the mud has been known to be thrown up to the height 
of 200 feet, accompanied by a strong odour of sulphur.”— Daubeny, “ Volcanos,” p. 26G. 
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mentioned by Sir Roderick Murchison* * * § as ejected in the Taman 
and Kertch district differing from those forming the adjacent rocks, 
he infers an action more deep-seated than the combustion of 
the bituminous beds amid which the salses are found, one of a 
more true volcanic kind. 

Naphtha and the thicker bitumens are at present so scattered over 
various parts of the world, that though certain localities may abound 
with them more than others, they appear to show little beyond the 
conversion of some organic matter, accumulated under variable 
conditions, into that form.t Inflammable gases have also been 
found evolved from the earth, not only in connexion with bitu- 
minous and coal deposits, but under other circumstances, where no 
volcanic action is required for their production, as, for example, at 
the salt-mines at Gottesgabe, at Heine, in the county of Tecklen- 
bcrg,J and from borings for salt in America,§ and China, [j 

With regard to the rise of boracic acid with the steam at the 
lagunes near Voltcrra, in central Italy, accompanied by carbonic 
acid and sulphuretted hydrogen, it has been referred to volcanic 
action beneath the rocks in which the lagunes are situated. IT That 
great heat exists beneath is certain, but how far this heat may now 
be considered volcanic and distinct from a more general dispersion 


• “ Geology of Russia in Europe and the Ural,” vol. i., p. 576. 

t Naphtha springs seem to continue, in some cases at least, in the same state during 
a long lapse of time, pointing to the long duration of the needful conditions. Thus, 
according to Dr, Holland (“Travels in the Ionian Isles, Albania,” &c.,) the pe- 
troleum springs of Zante are in the same state as when described by Herodotus. The 
pitch lake of Trinidad is a good example of a considerable collection of the more solid 
bitumens. It is estimated at about three miles in circumference, though its exact 
l^oundarics are difficult to trace, in consequence of the soil which covers parts of it, 
from which crops of tropical productions are obtained. (Nugent, Geol. Trans., 
vol. i.) According to Captain Alexander (Edinburgh Phil. Journal, January, 1833), 
masses of this pitch advance into the sea at Pointe la Braye. The same author notices 
an assemblage of salses or mud volcanos at Pointe du Cae, 40 miles southward from 
the pitch lake, the largest about 150 feet in diameter. 

X The gas is obtained from the abandoned pits, and is considered to consist of 
carburetted hydrogen and olefiant gas. It was employed by M. Riiders, the inspector 
of the mines, for lighting and cooking, being conveyed to the houses by pipes. 

§ While boring for salt at Rocky Hill, in Ohio, near Lake Erie, tlie borer suddenly 
fell after they had driven to the depth of 197 feet. Salt water immediately rushed 
forth, and was succeeded by a considerable outburst of an inflammable gas, which, 
being ignited by a fire in the vicinity, consumed all within its reach. 

II At Thsee-lieou-tsing (previous note, p. 409), according to M. Klaproth, a jet of 
inflammable gas from a locality also producing salt water, was burning from the 
second to the thirteenth century of our era, at about 80 li S.W. from Kioung-toheou. 

^ A Memoir on the mode of occurrence of the boracic acid lagoons of Tuscany, by 
Sir Roderick Murchison, entitled “On the Vents of Hot Vapour in Tuscany, and 
their relations to ancient lines of Fracture and Eruption,” will be found in the Journal 
of the Geological Society of London, vol vi., p. 367 
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of an elevated temperature beneath the surface of the ground, more 
intense at some points than at others, seems not so certain. The 
boracic acid is found in combination 'with ammonia, as well as free, 
and Dr. Daubeny remarks that its presence in the steam may arise 
from the aqueous vapour passing over this substance, and carrying 
it upwards in mechanical suspension, as steam, by experiment, has 
been found capable of effecting.* 


• By employing the heat of the superabundant vapour, the ^^atc^ collected in 
artificial ponds is sufficiently evaporated to dispense with fuel, and the boracic acid 
obtained at small cost. These lagunes furnish about 1,(150,000 lbs. of boracic acid 
annually, sufficient, when purified and mixed with soda, forming borax, nearly for 
the supply of Europe.— Daubeny, “ Volcanos,” p. 15G. 
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KARTHQUAKES.— CONNEXION OF VOLCANOS AND EARTHQUAKES. — EXTENT 
OF EARTHQUAKES. — MOVEMENT OF THE EARTH-WAVE DURING EARTH- 
QUAKES. — SEA-WAVES RRODUCKD DURING EARTHQUAKES. COMPLICATED 

TRANSMISSION OF EARTHQUAKE WAVES. — UNEQUAL TRANSMISSION OF 
EARTHQUAKES. — LOCALLY EXTENDED RANGE OF EARTHQUAKES. — 
EARTHQUAKES TRAVERSING MOUNTAIN CHAINS. — FISSURES PRODUCED 
DURING EARTHQUAKES. — SETTLEMENT OF UNCONSOLIDATED BEDS ADJOIN- 
ING HARD ROCKS DURING EARTHQUAKES.— BREAKING OF GREAT SEA- 
WAVE, OF EARTHQUAKES, ON COASTS.— EFFECTS OF EARTHQUAKES ON 
LAKES AND RIVERS. — FLAME AND VAPOUR FROM EARTHQUAKE FISSURES. 
— SOUNDS ACCOMPANYING EARTHQUAKES. — ELEVATION AND DEPRESSION 
OF LAND DURING EARTHQAKES. — COAST OF CHILI RAISED DURING EARTH- 
QUAKES. — EFFECTS OF • 'ARTHQUAKES IN THE RUNN OF CUTCH. 

It has been seen that prior to, and sometimes during volcanic 
eruptions, the country in the vicinity has been disturbed by vibra- 
tions, as if from time to time certain resistances to volcanic forces 
were suddenly overcome. The rending of rocks by fissures, such 
KS have been previously noticed, could scarcely but produce vibra- 
tions, saj)posing the needful tension and cohesion of parts. It is 
by no means required that these fissures should always rise to the 
surface of the ground; indeed, in many volcanic accumulations, 
the rents formed, and subsequently lilled with molten rock, are 
observed to terminate before they reach it. From the absence of 
the proper cohesion of parts amid great masses of ashes and cinders, 
these may so yield, that though a fissure might be suddenly pro- 
duced in more solid matter beneath them, they could adjust them- 
selves above in a very general manner over its upward termination. 

It would be anticipated that, all other things being equal, vibra- 
tions of the ground around volcanos would be more intense after a 
vent had long been closed and dormant, so that time for the con- 
solidation of tuff beds had elapsed, the whole well braced together 
by lava streams of various dimensions, than when the vent was 
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still open, the volcano active, and the ashes and cinders inco- 
herent. It may also be inferred that a certain thickness of trachyte, 
dolerite, or basalt, if not too much divided by columnar, or other 
joints, would offer greater resistance to any given volcanic force 
employed than tuff beds, unless these were so changed and con- 
solidated as to assume the character of palagonite, or others of that 
class. Again, different effects would be expected from the resist- 
ance of intermingled sheets of tuff and rocks which had been in 
fusion, such as those described as occurring in the Val del Bovc, 
Etna, and where similar substances are mixed, as narrow lava 
streams and irregular piles of matter, in both cases prior fissures, 
more or less filled by dykes of lava, considerably modifying the 
effects produced. 

A connexion has often been inferred to exist between volcanic 
eruptions and vibrations of the ground at distances far beyond tlie 
immediate vicinity of the former, as if the volcanos were great 
safety-valves, through which, under ordinary circumstances, a 
certain amoimt of force escaped, mere local disturbances being 
thereby produced; while at others, from the overloading of tlie 
valves, or a greater exertion of power, larger portions of the earth's 
crust were sliaken. Without including dormant or extinct vol- 
canos, active vents are so widely dispersed over different parts of* 
the world, that considerable areas may readily be disturbed by 
vibrations more or less depending upon general conditions, ol’ 
which the discharge of molten rock, vapours, and gases, at cer- 
tain points, is only one of the effects thereby produced. Hence, 
i\s respects this mode of viewing the subject, volcanic eruptions 
and earthquakes may be intimately connected, vulcanic eruptions 
being equally regarded in the same general manner, and other 
adjustments of the earth’s surface included, by which great fissures 
have been formed, and huge masses of rocks squeezed, broken, 
and thrust up into great ridges and mounds of varied forms and 
magnitude. 

Many instances are given of the inferred connexion between 
earthquakes and volcanic eruptions, as, for example, the sudden 
disappearance of smoke in the volcano of Pasto, when the province 
of Quito, 192 miles distant, was so violently shaken by the great 
earthquake of Kiobamba, on the 4th of February, 1797, and the 
sudden tranquillity of Stromboli from its otherwise constant activity, 
during the great earthquake in Calabria, in 1783. As we are 
quite assured that in minor areas there is often much vibration of 
the ground prior to such eruptions, and that subsequently to them 
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tranquillity is restored, at least for a time, an observer would be 
led to inquire how far such apparent causes and effects may be 
extended. Herein caution is much needed, so that, from a pre- 
conceived opinion, accidental circumstances may not have an undue 
value assigned them, some of the inferences drawn respecting 
the immediate connexion between given earthquakes and the 
eruptions from certain volcanos being scarcely borne out by the 
facts adduced. 

It would be anticipated that in regions of volcanos, such as those 
of South America, great vibrations of the ground should be ex- 
perienced, these vibrations extending to variable distances, not only 
according to their intensity, but also to the kinds of rocks through 
which they are transmitted. In certain regions earthquakes are 
sometimes of such frequent occurrence, that except when of 
particular intensity they are so little regarded, that these, and 
similarly circumstanced portions of the earth’s surface, may be con- 
sidered in a more unstable state than others. The great earthquake 
of Chili, in 1835, was merely one of a more intense kind in a 
district of'ten shaken by such vibrations. It is described as having 
been felt from Copiapo to Chiloe in one direction, and from 
Mendoza to Juan Fernandez in another ; and the volcanos of that 
part of the Andes are roticed as having been in an unusual state 
of activity immediately prior to, during, and subsequent to it. In 
a pi’cvious eartliquake (1822) the same region of South America 
was shaken through a distance, from north to south, of about 
1,200 miles. 

With respect to the areas actually disturbed by earthquakes, as 
Wtivcs are necessarily raised by them in the sea adjoining the lands 
shaken, or by the vibration of the rocks beneath it, attention has to 
be directed as to the amount of dry land moved, and the extent to 
which any adjoining portion of the sea-bottom may have been 
simultaneously shaken. For instance, this has to be done with 
the great earthquake of Lisbon, the area disturbed being repre- 
sented as spread over a large portion of the Northern Atlantic, and 
comprising a part of North America, with some of* the West India 
Islands (Antigua, Barbadoes, and Martinique) on the one side, 
and a part of Northern Africa and a large portion of Western 
Europe on the other. In such a case the extent to which the 
sea-wave produced by earthquakes may have been propagated, has 
to be well considered.* The known amount of dry land shaken 


* Sir Charles Lyell (Principles of Geology, 7th edit., p. 344), calls attention to the 
great Lisbon shock, as having come in from the ocean, remarking that “ a line drawn 
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in Europe was alone very large, comprising Portugal, Spain, 
France, the British Islands, the southern portions of Norway and 
Sweden, Denmark, Germany, Switzerland, and the north of Italy. 

As respects earthquakes, the transmission of the vibrations has 
to be regarded with especial reference to the kind of substances 
through which an earthquake- wave may have to pass, so that, even, 
for illustration, assuming the impulses given to be equal, the 
extent of the vibrations and their amount might be very materially 
modified.* Mr. Mallet infers that an earthquake “ is the transit 
of a wave of elastic impression in any direction, from vertically 
upwards to horizontally in an azimuth, tlirough the crust of the 
earth, from any centre of impulse, or from more than one, and 
which may be attended with tidal and sound waves, dependent 
upon the impulse, and upon the circumstances of position as to sea 
and land.” At the same time, he admits that the truth of this 
view lias not yet been fully and experimentally demonstrated. 

The movement of the great earth-wavef is commonly classed as 
undulatory or vertical, as the ground may be observed to roll 
onward in a given direction, or simply rise and fall in a nearly 
perpendicular manner. We have descriptions, in the one case, of 
the surface of the ground moving in a wave-like manner, and in 
the other, of a mere sudden rise and fall, as far as regards a parti- 
cular locality. Of the latter the great earthquake experienced at 
Kiobamba, in 1797, would appear an excellent example, many 
bodies of the inhabitants having, according to Humboldt, been 
hurled to a height of several hundred feet on the hill of* La Cullca, 
beyond the small river of Lican.| We may readily infer that these 
two classes of earthquake movements arc only modifications of* the 


tlirough the Grecian Archipelago, the volcanic region of Southern Italy, Sicily, 
Southern Spain, and Portugal, will, if prolonged westward through the ocean, strike 
the volcanic group of the Azores hence inferring, as probable, their submarine 
connection with the European line. 

* Mr. Mallet (Naval Manual of Scientific Enquiry, Art. Earthquakes, p. 197), 
in order to illustrate the transmission of weaves through different materials, sujiposes a 
person to stand upon a line of railway, near the rail, and that a heavy blow be struck 
upon the latter a few hundred feet distant. “ He will,” Mr. Mallet remarks, ^‘almost 
instantly hear the wave through the iron rail ; directly after he will feel another wave 
through the ground on which he stands; and, lastly, he will hear another wave 
through the air ; and if there were a deep side-<irain to the railway, a person immersed 
in the w'ater would hear a wave of sound through it, the rate of transit of which 
would be different from any of the others— all these starting from the same point at 
the same time.” 

f (Admiralty Manual of ScientiBc Enquiry, Art. Earthquakes).— Mr. Mallet 
defines the “great earth-wave” as the “ true shock, a real roll t>r undulation of the 
surface travelling with immense velocity outwards in every direction from the centre 
of impulse.” 

X “ Kosmos,” Art, Earthquakes. 
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same thing, and that while a spot, such as the town of Riobamba, 
situated immediately over that where the impulse was given, 
should be lifted suddenly upwards, the same shock would appear 
to travel outwards to various distances around, in the manner, as 
often noticed, of waves on the surface of water into which a stone 
has been cast. 

With respect to the vorticose movement, which has been often 
regarded as another class of earthquake motion, we may also, with 
Mr. Mallet, consider it as only a modification of the same kind of 
shock. With regard to the two obelisks at the Convent of St. 
Bruno, at Stefano del Bosco, the stones of which were twisted on 
a vertical axis in a similar manner, without falling, during the 
great Calabrian eartliquake of 1783,* and inferred well to illustrate 
this movement, Mr. Mallet has shown, that this, and other cases 
of a similar kind, may be explained by the transmission of the 
ordinary shock, under a modification of circumstances by which 
the rectilinear is converted into a curvilinear motion.f In the 
same manner, when the complicated structure of some part of the 
earth’s surface is considered, particularly where igneous rocks have 
been extended among, or otherwise much intermingled with, other 
accumulations, the observer may have reason to infer that, during 
the transmission of an f‘arthquake-wave, the various parts of the 
whole may sometimes be so circumstanced, that a kind of twist 
may be locally given to considerable masses. 

Taking the great earth- wave as the base of all the movements, 
however modified this may be according to conditions, the waters 
of‘ seas, lakes, or rivers, resting or flowing upon the solid crust of 
tfhc globe, will have the shock communicated to them. When we 
look at tlie present distribution of land and sea, and consider 
earthquakes in their generality, these are quite as likely, if not 
more so, to have been produced by impulses received beneath parts 
of the great t>cean as beneath dry land. ^Vs the rate at which the 
eartli-wave would travel, under such circumstances, would be 
greater than that at which tlie vibration transmitted to the water 
would proceed, two waves, as Mr. Mallet has pointed out, will 
result. One will arise from the vibration along the surface of the 

* f'ijjjures and descriptions of these obelisks are given by Sir Charles Lyell in his 
“ Principles of Geology,” anti in Dr. Daubciiy’s ‘‘Description of Volcanos,” taken 
from the Transactions of the Koyal Academy of Naples. 

t Mr. Mallet remarks (Admiralty Manual of Scientific Enquiry, Art. Earthquakes), 
that “ this motion arises from the centre of gravity of the body lying to one side of a 
vertical plane in the line of shock, passing through that point in the base on which 
the body rests, in which the whole adherence, by friction or cement of the body to its 
support, may be supposed to unite, and which may be called the centre of adhesion.*' 
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ground, in contact with the bottom of the superincumbent water, 
and becoming apparent in shallow water ; the other from the 
heaping up of the water above a vertical uprise of the sea-bottom, 
such as we may suppose given if Rlobamba, in 1797, had been 
beneath the sea. The first is named by Mr. Mallet, the “ forced 
sea-wave,” seen when the shock or earth-wave passes beneath or 
into shallow water, whether the earthquake travels from seaward 
inland or the reverse : the second he terms the “ gi*eat sea-wave.” 

The geological importance of the “ forced sea-wave,” would 
seem much to depend upon the distance at which any shore or 
shallow water may be from the spot where a chief vertical move- 
ment, either inland or beneath the sea, has been ’’given. If this 
were in the ocean far distant from the land, or shallow water, the 
movement communicated to the sea would be small, as also if the 
shock came from the dry land with little intensity, either from the 
original impulse having been unimportant, or of its force being 
nearly expended. Should, however, the vertical movement of the 
earth-wave be close to a coast, whether on the sea or land side, or 
beneath shallow water, then the “forced sea- wave” may merge in 
the “ great sea- wave,” sufficient distance not existing to permit 
much distinction. The one wave would precede the other under 
ordinary conditions, the “ great sea- wave” throwing huge masses 
of water upon the land, mechanically disturbing sea-bottoms to a 
great extent, and of’ten producing eflects of’ considerable geological 
importance. As Mr. Mallet has remarked, while a “great sea- 
wave” may be so broad and low in deep water as n(jt to be 
observed in the open ocean, it could break with great force on 
a coast or in shallow water. • 

It will be convenient, as has been pointed out by Mr. Mallet, 
so to classify observations on earthquakes, that things accessory 
may be separated from those which are material. Unfortunately, 
as has been remarked by Sir Charles Lyell,* it is only in com- 
paratively recent times that earthquake phenomena have been 
studied with reference to their real geological bearing, accounts of' 
the lives and properties destroyed, with now and then a notice of 
a new lake or island produced at the time, liaving chiefly occupied 
attention. Whatever may cause the shock, whether from a portion 
of the earth being suddenly thrown into motion, without violent 
rupture, viewing the subject on the large scale, or from sudden 
and violent fracture, we have to consider not only the depth 
beneath the surface, where the impulse may be given, but also the 

* “ Principles of Geology,” 7th edit., p. 431. 
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mineral masses through which the waves have to be transmitted, 
both as regards the kind and relative position of those masses. 

During violent volcanic eruptions, when, as for instance, in that 
of Tomboro, in Sumbawa, on the 5th April, 1815, the detonations 
were heard as far as 970 miles, and with such distinctness, and so 
loud at Macassar, 217 miles distant, that a vessel of war was sent 
out with troops in search of supposed pirates engaged in the 
neighbourhood; it may be assumed that vibrations of the earth 
would radiate around, as from any point, a, in the annexed plan 
(fig. 145), which may represent any district having such a centre 



of disturbance. Assuming the roar of any great volcanic eruption, 
such as that at Tomboro, to arise from the violent discharge of' the 
vapours, gases, cinders, and ashes through the crater, the vibra- 
tions thereby produced in the adjacent mineral accumulations 
would be felt more or less horizontally, according to the variable 
composition and solidity of the substances shaken. Should the 
cause of the earthquake-waves be deep seated, the vibrations on 
the surface would correspond with the radiation of the waves from 
their centre of' origin, so that there would be a point where the 
rfhock would be felt vertically.* If b c (fig. 146) be supposed a 


Fig. 146. 



* The great IJsbon earthquake of 1755, felt so severely around a sjiacc near that 
city, has been considered a good example of a radiating earthquake with a deep-seated 
source. The earthquake of 1828, experienced in the Netherlands and Rhenish 
Provinces, is inferred to have been radiating, though less deeply seated. The area 
most sliaken formed an ellipse, comprising Brussels, Liege, and Maestricht, and the 
shocks radiated to Westphalia, and to Middelburgh and Vliessingen. Referring to 
the great Calabrian earthquake of 1783, also consiiered somewhat central, Dr. Daubeny 
remarks (Description of Volcanos, 2nd edit., p. 515), after mentioning certain move- 
ments noticed, that such earthquakes may have ** the impelling force situated along a 
particular lino of country, although at the points at which it is exertecLin its greatest 
intensity, the vibrations are propagated with greater or css violence in all directions 
around.*’ 
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section of part of the earth's crust, and a a point in a curve, 250 
miles beneath the surface, where an impulse is given producing 
earthquake- waves, these would strive to radiate around, so far as 
resistances or facilities would permit, in spherical shells. If the 
substance through which the wave passed was homogeneous, as, 
for example, a piece of iron, the wave would first traverse tlic 
distance a then a d, a f, and a < 7 , in succession, tlie shock 
being felt most vertically as regards the surface of the iron at c, 
and more laterally at /, and most so as regards the section, at g. 
Geological investigations show us that the composition, state of 
solidification, and mode of accumulation of the mineral substances, 
forming so much of the earth's surface as we have the power of 
examining, are very variable. Hence, if' in the foregoing section, 
instead of a homogeneous body, we suppose a great mass of minei al 
matter, granite for example, supporting two accumulations, one at 
b, arranged in beds of a hard coherent substance, such as compact 
limestone, and another at c, formed of strata slightly cemented, or 
loose sand and pebbles, it will be seen that the shock striking at 
f might be transmitted readily along the planes of ^the limestone 
beds, while, though the shock would strike the loose accumulations 
at e more laterally, the wave might be there more complicated 
from the want of sufficient coherence of parts. 

Numerous modifications of the arrangements above noticed will 
readily suggest themselves, more particularly as regards the inter- 
ruptions to the course of earthquake- waves by contorted and 
variably-intermingled masses of solid and loosely-aggregated rocks 
in mountainous districts, by the long wide-spread slieets of inter- 
stratified and dissimilar substances in some regions, by the fractures 
and alterations of mineral masses in others, and by the mixture of' 
active volcanic districts with those of' very diflerent origin. It 
would be inferred that, on the minor scale, a shock may be modi- 
fied in apparent direction and intensity when felt amid horizontal, 
or nearly horizontal Ixids, composed of' different rocks, such as in 
the following plan (fig. 147), where f may represent a limestone, 

Fig. 147. 



c d e f y h i 

(' g a clay, d It a sandstone, and c i a conglomerate, resting in a 
trough-shaped cavity, as shown in the annexed section (fig. 148) 
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of the same piece of country, formed of hard slates and limestones, 
which had, previously to the deposit of the first-named beds, been 

Fig. 148. 

a cdefghi h 


thrown into a vertical position. Taking the shock to pass in the 
direction a h, it could easily traverse the line of vertical rocks 
beneath in that direction, while both the duration and intensity 
may be found modified in any town situated upon the central 
limestone, perhaps a stripe many miles in length, joining finally 
with a considerable sheet of the same substance. It sometimes 
happens that earthquakes do not affect certain upper beds, while 
the shock is continued beneath and transmitted onwards. Hum- 
boldt states, that such upper strata, rarely if ever shaken, arc by 
the Peruvians termed bridges.* 

Careful observation shows that shocks are more readily trans- 
mitted in certain lines in particular localities than others, much 
necessarily depending on the direction, either vertically or late- 
rally, from whence these vibrations come, the minor adjustment of 
parts so lost occasionally amid the whole mass shaken, as not to be 
very readily appreciated. This could scarcely otherwise than 
happen when the source of the shocks remains for any length of 
time sufficiently fixed, and the relative position and structure of 
the rocks composing a region, continue unaltered.*!* Changes in 
this arrangement have been noticed even within the last 60 years, 
sufficient to show that, either from local modifications in the causes 
pf earthquakes, or in their efiects, adjustments of this kind may 
become permanently altered. Humboldt mentions that since the 
destruction of Cumana, on the 14th of Docember, 1797, the range 

* “ Kosmos,” (Eartliquakes). Remarking on this l irouinstance, Humboldt observes 
(Notes), that “ these local interruptions to the transmission of the shock through the 
uj)per strata, seem analogous to the remarkable phenomenon which took place in the 
deep silver mines of Marienberg, in Saxony, at the beginning of the present century, 
when earthquake shocks drove the miners in alarm to the surface, where, meanwhile, 
nothing of the kind had been experienced. The converse phenomonon was observed 
in November, 1823, wlien the workmen in the mines of Fahlun and Persberg felt no 
movement whatever, whilst above their heads a violent eartliquake shock spread 
terror among the inhabitants of the surface.” 

t The Cordilleras, extending from nortli to south, and a transverse line ranging from 
the Island of Trinidad to New Granada, are considered to be shaken in a marked 
manner. “ In a lino with botli these ranges,” observes Dr. Daubeny, “ frightful 
carth(iuakes have occurred, as at Lima, Callao, Riobamba, Quito, Pasto, Cumana, 
Curaccas, &c., by which 40,001) persons have been known to be at one time destroyed. 
In all these cases the greater etfects have not only been confined to the range of the 
mountains, but have pursued the direction of the coast.”— “ Description of Volcanos,” 
p. r)16. 
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of earthquake vibration in that district has so changed, that every 
shock has since that time extended to the peninsula of Maniquarez, 
which did not previously happen. He also points to the gradual 
advance of the almost uninterrupted earthquake shocks from south 
to north, up the valleys of the Mississippi, the Arkansas, and the 
Ohio, between 1811 and 1813, as showing that the subterranean 
obstacles to the propagation of the earthquake waves had been as 
gradually removed.* 

When earthquake-waves traverse mountain chains, as they have 
been known to do, across the lines of their general range, the com- 
p)sition of such mountains requires much attention. If merely long 
ridges of a homogeneous rock, such as granite or the like, that may, 
as in the subjoined section (fig. 149), descend beneath various sub- 
aqueous accumulations, c and d, an earthquake- wave could readily 


Fig. 149. 



be transmitted across the ridges a and b from e to /, in preference 
to lines corresponding with them, should tliis be the general direc- 
tion of the wave in accordance to the impulse given. In estimating 
the transmission of an earthquake-wave through any portion of the 
earth’s crust, the observer will thus have, as it were, to dissect tlie 
portion shaken, endeavouring to separate the minor from the 
major effects, duly weighing the probability of the undulation 
passing through, or along such mountain chains as the Alps, Andes, 
and Himalaya, according to the depth of its cause. He has also 
to see if the shocks experienced along great lines, coiresponding 
with those of accumulations, however contorted and broken these 
are, may be merely regarded as subordinate to a major motion, 
modified according to conditions, or be conformable to the general 
range of the earthquake-wave, regarded with reference to tl»e total 
mass shaken. f The rocks of the same region may be differently 

♦ “ Kosmos,” Art. Earthquakes. 

t As regards the range of earthquake-waves along or across mountain chains, 
Humboldt remarks (Kosmos, Art. Earthquakes), after adverting to mountains trans- 
mitting shocks in lines corresponding with the walls of the fissures along which they 
may be raised, that earthquake-waves sometimes intersect sevcrdl chains almost at 
right angles ; an example of wdiich occurs in South America, where they cross both 
the littoral chain of Venezuela and the Sierra Parime. In Asia shocks of earthquakes 
have been propagated from Lahore and the foot of the Himalaya (22nd of .laiiuary, 
1832), across the chain of the Hindoo ('oosh, as far as Eadakschan, or the Up|)er Oxus, 
and even to Bokhara.” As regards earthquake waves traversing mountain ranges, 
Dr. Daubeny (Description of Volcanos, 2iid edit., p. r>lG) <]uotes also that of 1828, 
which crosb^ the Apennines from Voghcra, by Bochetta, to Genoa. 
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affected if the wave be propagated from a great depth, than when 
the undulation has been produced by a less deep-seated cause. 
The transmission of the wave amid them might, in the first case, 
be a mere modification of some great movement, common, as in 
the Lisbon earthquake, to a large portion of the earth’s crust, 
while in the second the same rocks may be directly acted upon in 
the first instance. Hence the importance of observations as to how 
far, during any given earthquake, particular districts, even great 
mountain ranges, may be considered to transmit a primary wave, 
or some modification of it. 

As the earthquake-wave would pass with different velocities 
through different rocks,* it would follow that while the particles 
may so yield in some that fracture may not be produced, cracks 
and dislocations could be effected in others. Even in the simple 
arrangement of sheets of the one class above the other, the whole 
acted on laterally by an earthquake-wave, one set of rocks may be 
dislocated, the other returning to its original state, in the same 
manner as if the observer were to cover a sheet of copper with 
plaster of Paris, and throw both into vibration, when the latter 
would be broken, while the copper remained sound. It is easy to 
conceive, independently of the different conditions of the upper to 
the lower beds of rock, composing a series of horizontal or nearly 
horizontal deposits, as regards difference of pressure upon them, 
that the lower may be, from heat beneath, not in so fragile a state 
as those above, and be capable of more ready vibration withoui; 
fracture. Thus many cracks and fissures may be made, not 
penetrating to great depths, and yet extending sufficiently beneath 
the surface to permit the ejection of water, mud, sand, or other 
easily-expelled bcxly, out of them, and some of these may again 
so close as to envelope any substances wliich may have fallen into 
them, while others continue permancnlly open, the new adjustment 
of‘ {xirts produced by the earthquake-wa\'c not permitting a perfect 
return to the old conditions. Of sucli fissures formed during 
earthquakes there is abundant evidence, tlieir forms very variable, 
as would be anticipated from the complicated rock accumulations 
frequently shaken, their complexity of structure often concealed 
by coverings of deposits, perhaps only a few hundred feet thick, 

* Mr. Mallet points out (Admiralty Manual of Scientific Enquirj', Art. Earth- 
quakes) that “ an erroneous notion of the dimensions of the great earth- wave must 
not be formed from its being called an undulation — its velocity of translation appears 
to be frequently as much as 30 miles per minute, and the w'ave or shock moving at 
this rate often takes 10 or 12 seconds to pass a given point ; hence its length or 
amplitude is often several miles.” 
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while the mass thrown into vibration may extend downwards 
many thousands of feet, if not many miles. Inverted conical 
cavities have been so frequently noticed after earthquakes in plains 
and loosely-aggregated deposits, that they deserve attention. Water 
is usually mentioned, as having risen through them, as if, during 
the earthquake, it had been violently driven through points in 
the loose ground.* 

That at the junction of loose or slightly-consolidated deposits, 
such as sands and gravels, with hard rocks, the latter rising through 
the former, so that when the whole became violently shaken there 
should be settlements of incoherent substances, with fissures and 
mounds of adjustment, would be anticipated, and is on record. 
During the great earthquake of Calabria, in 1783, this seems to 
have occurred to considerable extent. In the great Jamaica earth- 
quake of 1692, this shaking off, as it were, of loose materials, 
appears to have produced the ‘‘ swallowing up,” as it has been 
termed, of Port Royal. Documents which have been preserved 
fortunately show that the jDart of that town which then disappeared 
was built upon sands accumulated against and around a rock, 
which, though shaken by the earthquake, retained its place as 
respects the level of the adjoining sea. The darkly-shaded parts, 
P and C, in the annexed plan (fig. 150), represent those wliich 



♦ Circular cavities were formed in the plains of Calabria during the eartluiuake of 
1783. They are described as commonly of the size of carriage-wheels, sometimes 
filled with water, more frequently by sand. Water appears to liave si)outed through 
them. (Lyell’s Principles of Geology, where a view and section of these cavities arc 
given). During the earthquake of 182!*, in Mercia, numerous small circular apertures 
were formed in a plain near the sea, whence black mud, salt water, and marine shells 
were ejected. (Lyelfs Principles, and Ferussac’s Bulletin, 182!t.) After the earth- 
quake of 1809 at the Cape of Good Hope, the sandy surface of Blauweberg’s Valley 
was studded with circular cavities, varying from six inches to three feet in diameter, 
and from four inches to a foot and a half in depth. Jets of coloured water arc stated 
to have been thrown out of these holes during the earthquake to the height of six 
feet. (Phil. Magazine, 1830.) During the Chili earthquake of 1822, sands were 
raised up in cones, many of which were truncated, with hollows in their centres.— 
Journal of Science. 
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remained standing after this earthquake, and are considered to be 
based on a white compact limestone, common in that part of 
Jamaica, a, a, a, a, and L form the boundary of Port Royal prior 
to the earthquake ; N, N, N, the restoration by sand, drifted by 
prevalent breaker and wind action, at the close of the last century, 
and I, I, L, and H, subsequent additions efiected by a continuance 
of the same causes to about the first quarter of the present cen- 
tury.* The settlement of the loose sand, combined with the 
sea-wave caused by the earthquake, appears to have produced all 
the effects observed during this earthquake at Port Royal, no 
mention being made, amid the details extant, of any permanent 
change in the relative level of the sea and the part of the town 
preserved.t 

In like manner landslips take place on the sides of mountains 
and from sea-cliffs during earthquakes, some often of considerable 
magnitude. When the numerous slips of this kind which occur in 
mountainous- and even hilly districts and along coasts arc considered, 
as well as the frequent fall of rocks from the effects of ordinary 
atmospheric influences, it could scarcely otherwise than happen 
that when such districts arc violently shaken, settlements of varied 
kinds are effected. Looking at the sources of springs, and especially 
of those which rise through joints and fissures, that these should be 
disturbed, and that matter should be subsequently thrown out 
mechanically suspended in the water, would also be anticipated. 

The great sea- wave” produced by earthquakes, sometimes 


* There arc documents to show the rate at which the long stripe of sands, known 
as the Palisades, was prolonged, so as to join the mainland of Jamaica with the 
ground on which Port Royal is built. From the evidence of Captain Hals, who 
accompanied Penn and Venables to Jamaica in 1G5.*'. it n])pcars that the sands of the 
Palisades (the drift of the prevalent winds and breakers, as noticed in the text) were 
separated fnun the towm by a narrow’ ridge of sand just appearing above water, an 
accumulation w ithin about 17 years, for at that time Port Koyal formed an island. 
Prior to the earthquake the junction w as complete, as represented on the plan. 

f Heavy brick houses were built on the sand; and it is stated (Philosophical Trans- 
actions, 16114), that “ the ground gave w’ay as far as the houses stood, and no further, 
part of the fort and the Palisades on the other end of the liouses standing.” Sir Hans 
Sloanc says, “ Tlie whole neck of land being sandy (excepting the fort, which was 
built on a rock, and stood) on which the town was built, and the sand kept up by the 
Palisades and w harfs, under which was deep water, w'hcn the sand tumbled, on the 
shaking of the earth, into the sea, it covered the anchors of ships riding by the wharfs, 
and the foundations yielding, the greatest part of the tow n fell, great numbers of the 
people were lost, and a good ])art of the neck of land, where the towm stood, was 
three fathoms covered with water.” Long (History of Jamaica) says, “ The w’eight of 
so many large brick houses w as justly imagined to contribute, in a great measure, to 
their downfall, for the land gave way as far as the houses erectetl on this foundation 
stood, and no further.” Dr. Miller, of Jamaica, was iuformcil that it w as a tradition 
at Port Royal, prior to 1815, among the descendants of the early settlers, that the great 
damage was produced by the slipping of the sand during the earthquake. 
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aids materially in the modification of the coasts shaken, seizing 
and transporting before it masses of matter which could not be 
moved under ordinary circumstances, and tearing up deposits 
thrown down in, or raised to, shallow situations. The magnitude 
of these waves is occasionally very considerable, though no doubt 
this may often have been much exaggerated from the terror of tliose 
endeavouring to escape from them. In the Jamaica earthquake of 
1692, ‘‘ a heavy rolling sea” followed the shock at Port Eoyal, 
and the ‘ Swan’ frigate, which was by the wharf, careening, was 
borne by it over the tops of houses, and some hundreds of persons 
escaped by clinging to her. The sea-wave of the Lisbon earth- 
quake of 1755 rose to the height of 40 feet in the Tagus, leaving 
the bar dry as it rolled inwards, followed by others, each less in 
importance, until the water again returned to its ordinary repose. 
The sea -wave of the same shock was 60 feet high at Cadiz, 18 feet 
at Madeira, and, under modified conditions, was felt on the coasts 
of Great Britain and Ireland, rising 8 to 10 feet on ‘the coast of 
Cornwall. The shock was experienced at sea so severely, that 
vessels were thought to have struck the ground, and it is worthy 
of remark, as regards the locality over which the “ great sea- wave” 
may have had its origin, that on board a ship 120 miles west of* 
St. Vincent, the men on deck were violently thrown 'perpen- 
dicularly upwards to the height of a foot and a half.* The coasts 
of Chilit and Peru have suffered from similar waves ; and in the 
great Calabrian earthquake of 1783 the shore of Scllla was in- 
undated by one rushing 20 feet high over the low grounds. Such 
waves are, indeed, sufficiently common, though seldom prominently 
noticed unless productive of considerable effects. The sudden rise 
and fall of the sea observed in so many harbours of the world, as 
well in tidal as tideless seas, evidently independent of tlic tides in 
the former and not due to wind-wave undulations prolonged to the 
shores, often seem little else than the continuation of these waves 
reaching coasts where the earthquake itself has not been noticed. 

While the earthquake movement is thus communicated to the 
waters of the ocean, minor volumes of water, even small lakes and 
rivers of all kinds, cannot be otherwise than more or less affected 
by it. According to the form of the bottom, situation as regards 

• Lyell, “ Principles of Geology,” 7th edit., p. 475. 

f Sir Charles Lyell remarks (Principles of Geology, 7th edit., p. 478), respecting 
the destruction of the ancient town of Conception (called Pcnco), in 17.51, an earth- 
quake sea-wave rolling over it, that “a series of similar catastrophes has also been 
traced back as far as the year 1590,” including one in 1730. In J83.5, the town also 
suffered from a “ great sea-wave.” 
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the range of* the shock, and size of the lakes and enclosed seas, 
the intensity of the earthquake- wave being the same, will neces- 
sarily be the effects produced. The inland seas and lakes would 
be like so many basins or troughs of varied forms filled with water. 
We can conceive important geological modifications on the shores 
of districts adjoining Lake Superior, for example, when situated 
immediately above such an impulse as threw up men vertically to 
considerable heights at Riobainba, in 1797, or jerked sailors up- 
wards off the decks of a vessel, 120 miles from shore, during the 
earthquake of Lisbon in 1755. In connexion with the earth-wave 
around the centre of the great Lisbon shock, the waters of Loch 
Lomond, even though this earth-wave was then transmitted so far, 
are represented to have been thruwn two feet four inches high on 
the shores. As respects rivers, should the shocks pass up their 
courses, and the undulations be considerable, their waters would be 
precipitated onwards, or rolled back into the trouglis or hollows 
formed, as the vibration passed onwards, gushes of water rolling 
afterwards down their channels in accordance with the temporary 
interruptions to their usual flow. Should fissures be formed dur- 
ing the undulation, and not remain more permanently open, the 
river waters rushing into them might be suddenly discharged out 
of* them upon their again closing.* 

Accounts of earthquakes contain such frequent mention of gases 
and flames evolved from fissures during shocks, that although 
there may be many exaggerations and mistakes on this point, there 
would appear little doubt of their occurrence. The emission of 
flame is interesting, whether it be produced by the escape of gases 
simply inflaming by rising into the atmosphere, or from causes 
more resembling those observed in volcanos (p. 323). In the latter 
case we should have to infer the fracturi' of rocks down to the 
needful supply of volcanic gases. The emission of steam as well as 
flame would seem still more to show that the fissure was opened 
down to depths where considerable heat existed. In the instance 
of* the earthquake of Cumana in 1828, where the water hissed and 


• The effects produced by the earthquakes in the Valley of the Mississippi in 
1811-1812 are highly instructive. Sir Charles Lyell has not only collected valuable 
information respecting them, but has also personally examined the region then 
shaken. The ground near N ew Madrid is mentioned as having been so disturbed 
that the Mississippi was arrested in its course, and a temporary reflux produced 
Large lakes were formed in the course of an hour, twenty miles in extent, and others 
were drained. Hundreds of deep chasms w^ere produced, which remained open many 
years afterwards, and during the shock large volumes of water and sand were thrown 
out of them. Sir C'harles I^yell found, in 1846,the remains of many of these Assures 
extending for half a mile and upwards.— Principles of Geology, 7th edit., 1847. 
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bubbled up round a vessel in tlie harbour, as if a hot iron had been 
thrust in it, and when, on weighing the anchor, it was found that 
the links on part of licr chain cable had been elongated from two 
inches in diameter to the length of three and four inches, there 
would appear proof of some sudden communication by a fissure 
with great heat.* In regions composed either wholly or in part of 
such accumulations as those of the great coal deposits of Europe 
and Xorth America, and where fissures descended to depths whence 
great heat could rise upwards through them, not only niiglit such 
gases as carburetted hydrogen, disseminated amid such deposits, 
and to a certain extent liberated, be inflamed, but even from the 
access of atmospheric air for a time, the broken parts of the coal 
beds themselves might be burnt, producing certain secondary 
effects in such districts.! 

The shocks are often, but not always, accompanied by noises, 
transmitted through the ground. These arc necessarily of very 
different kinds, from the varied conditions under which tliey may 
be transmitted. According to Humboldt, the great shock of 
Riobamba (4th February, 1797), was unaccompanied by any noise, 
while at the cities of Quito and Ibarra the great detonation of the 
same shock occurred eigliteen or twenty minutes afterwards. As 
an example of* the great distance to which subterranean noises may 
be transmitted, without earthquake shocks, he adverts to the noise 
like thunder heard over an area of several thousand square miles 
in the Caraccas, the plains of Calaboso, and on the banks of the 
Rio Apure during the eruption of St. Vincent, in 1812, this being, 
as Humboldt remarks, in point of distance, as if an eruption of 
Vesuvius should be heard in the north of France. He also poinfe 
out, that in the great earthquake of October, 174G, at Ijlma and 
Callao, a noise like a subterranean thunder-clap was heard a quarter 
of an hour later at Truxillo, unaccompanied by any shaking of 

• “ During the earthquake of 1828 at Cumana, an English vessel in the harbour 
was suddenly enveloped in mist, and noise like distant thunder was heard. At the 
same time a shock w as felt, and the surrounding water hissed as if a hot iron had been 
introduced inlo it, sending up a number of bubbles, accompanied by a smell of sulphur. 
Multitudes of dead fish floated on the surface. On weighing anchor, it was found 
that one of the chains w'hich connected it wdth the vessel, lying on 8()ft mud, had 
been melted, and the rings, which were two inches in diameter, had been stretched to 
the length of three or four inches, and become much thinner than before.” Daubeny 
(Description of Volcanos, p, .528.) 

t Any accumulation of gas, or of substances rendered liquid by pressurd ready to 
assume the gaseous form when this is removed, would be expected to escape upwards 
should earthquake fissures traverse or extend to them. Humboldt notices (Kosmos) 
that during the earthquake of New Granada (ICth November, 1827), carbonic acid 
issued from fissures in the Magdalena River, suffocating snakes, rats, and other animals 
living in holes. 
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the ground. These are merely, as will be apparent, the trans- 
mission of the earth-wave through fair conductors, such as most 
solid rocks, beyond distances where any tremulous motion of the 
ground is apparent. When noises precede earthquake shocks of 
importance, and these are sometimes noticed, they would chiefly 
appear to arise from vibrations insufficient to be termed earthquakes, 
succeeded by those which arrest attention, the greater earth-waves 
being alone regarded. The continued subterranean sounds heard 
during a month at Guanaxuato, in 1784, afford a good example of 
such noises, unaccompanied by vibrations sufficiently sensible to be 
termed earthquakes.* 

The permanent elevations and depressions of land accompanying 
earthquakes require to be well considered, apart from the great 
earth-waves and their consequences, since such waves may be 
merely movements resulting from the cause producing these per- 
manent relative changes of level, sometimes extending over con- 
siderable areas. It will be readily seen that a force acting from 
the interior of the earth outward, rending and otherwise disturbing 
portions of its solid crust, could throw such portions into motion, 
causing earth-waves, which, though often so terribly disastrous to 
man and his works, are nevertheless insignificant when measured by 
a very minor part of the earth’s radius. We have seen (p. 381), that 
molten matter raised upwards into cracks formed in the relatively 
small mass of a volcano will increase its volume, raising the ground 
around in a manner which may produce changes of importance 
when near shores. An observer would therefore be prepared to 
expect that where there may be no very ready outlet, such as a 
crater or the sides of a volcano may present, for a greater mass 
of molten matter pressing to overcome superincumbent obstacles 
to its escape, greater fractures, extending over wider areas, may 
be formed, throwing the fractured and adjoining rock masses into 
movement, molten rock remaining in its new position as far as 
circumstances will permit. In such a case, the earthquake would 
be merely a secondary effect consequent on tlie exertion of force 

* “ Kosmos,” Art. Earthquakes. Humboldt obtained gootl evitlence on this subject. 
The noise began on the 9th January, 1784, at midnight. From the 13th to the ISth 
of the same month “ it was as if there were heavy storm-clouds under the feet of the 
inhabitants, in which slow rolling thunder alternated with short thunder-claps. The 
noise ceased gradually os it commenced : it was confined to a small sj^ace, for it was 
not heard in a basaltic district at the distance of only a tew miles.” Neither at 
the surface nor in the mines, 1,598 English feet in depth, could the slightest trembling 
of the ground be perceived.” “Thus,” he adds, “as chasms in the interior of the 
earth close or open, the propagation of the waves of sound is either arrested in its 
progress, or continued until it meets the ear.” 
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raising the ground upwards. Although allusion has been made to 
molten matter raised upwards over a large Instead of a minor area, 
the surfiice of the earth might be rent, earthquakes produced, and 
land permanently elevated, as will be noticed hereafter, by the 
mere expansion of a considerable portion of the earth’s crust, the 
resistances upwards being in the end somewhat suddenly over- 
come. 

From the adjustment of the minor volume of a volcanic moun- 
tain, to that of great masses ol‘ the earth’s crust, by which parts 
may be either raised or depressed, and this by such sudden move- 
ments that earth-waves of various magnitudes are communicated 
to the adjacent rocks, no slight modifications would be expected. 
The geological importance of the rise or depression of land, espe- 
cially on sea-coasts, at the time of earthquakes, being fully recog- 
nized, it is very desirable that, whenever opportunities present 
themselves, exact researches as to the amount of* rise or depression 
above or beneath a somewhat permanent datum level should be 
undertaken. The mean tide level on oceanic coasts is very de- 
sirable for this purpose, when available, and may often readily be 
obtained with sufficient accuracy. In certain estuaries im alter- 
ation in the bottom of the seaward portion might influence tlic 
tides, so that a greater or less amount of water could flow upwards 
to situations where no real change of the relative level of land and 
the main sea had been eflTectcd. An observer will see, by reference 
to charts of estuaries, especially those with extensive bars at their 
mouths, how materially tides might be influenced in their action 
by moderate elevations or depressions at their mouths. In some, 
where the amount of water entering with the flood tide is so im< 
portant in keeping a channel clear upon the ebb, especially where 
a shallow coast is exposed to licavy breaker action, the volume of 
water passing up or down might be most materially modified. 

Modem observations on the western coasts of America, which, 
fortunately for these researches, is so truly oceanic, uncut by great 
rivers, have successfully established the rise of extensive lines of 
coast during earthquakes. At the time of that of November, 1822, 
felt from north to south for a distance of about 1,200 miles, the 
coast was raised four feet at Quintero, and three feet at Valpa- 
raiso above its former level ; and Mrs. Graham records that oysters 
and other molluscs were elevated out of the sea, becoming offensive 
as they decomposed.* Dr. Meyen found, nine years afterwards, 


Geological Transactionn, 2nd Beries, vol. i. 
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sea-weed and shells adhering to the coast thus raised, and infers 
it was so to the height of about four feet along central Chili. Sir 
Charles Lyell, detailing the evidence as to the rise of land at the 
time of this earthquake, considers that if the estimate of the mass 
moved be correct, namely, that superficially it extended over 

100.000 square miles, the area elevated would be equal to half that 
of France, and five-sixths that of Great Britain and Ireland, so 
that only giving two miles for the depth of the mass raised, 

200.000 cubic miles of mineral matter were elevated above their 
previous position at that time.* 

At the time of the earthquake on the coast of Chili in 1835, 
when the towns of Conception, Talcahuano and Chilian suffered 
so seriously from the shocks, f much land was also raised. Captain 
Fitzroy, who was then engaged in a survey of the coast, states 
that the sea did not for some days fall, by four or five feet, to the 
usual marks ; and that “ even at high-water, beds of dead mussels, 
numerous chitons, and limpets, and withered sea-weed, still ad- 
hering, though lifeless, to the rocks on which they had lived, every- 
where met the eye.’^J The amount of rise gradually diminished, 
so th^t about two months afterwards, the coast was within two feet 
of its former level, a kind of settlement after the first upheaval 
having been effected. 

During the earthquake of Cutch, in June 1819, the surface of a 
wide area was so acted upon, that part became depressed beneath 
and part elevated above, its former general level. The Eunn of 
Cutch, as it is termed, is the lowest part of a considerable district 
situated between the eastern branch of the delta of the Indus and 
tlie Loonee river. The area is estimated at about 7,000 square 
miles, and is so slightly above the level of the sea, that during the 
monsoons sea waters are driven up from the Gulf of Cutch and the 
creeks at Luckput, overflowing a large part of* the Eunn, the sub- 
sequent evaporation of the waters sometimes leaving a deposit of* 


* “ Principles of Geology,” 7th edit, p. 436. 

t Though there was one chief shock, there are consiilored to have been more than 
300 minor shocks subsequently, between the 20th of February and the 4th March. — 
Lyell, “ Principles,” 7th edit , p. 433. 

X Captain Fitzroy adds (Voyages of Adventure and Beagle, vol. ii.), with respect to 
the Island of Santa Maria, south-east from Conception, that its southern extremity 
hod been raised eight feet, the middle nine, and tlie northern end upwards of ten 
feet.” ♦ ♦ * « An extensive rocky flat lies around the northern parts of Santa 
Maria. Before the earthquake this flat was covered by the sea, some projecting rocks 
only showing themselves ; now the whole flat is exposed, and square acres of it are 
covered with dead shell-fish, the stench arising from which is abominable. By this 
elevation of the land, the southern port of Santa Maria has been almost destroyed, 
little shelter remaining there, and very bad landing.” 
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salt about an inch thick. It is also described as liable to be occa- 
sionally overflowed in parts by river water. As a whole, it seems 
to be a district peculiarly favourable for having any modifications 
of its surface marked by changes in the position of water flowing 
over, resting upon, or bounding it. From the facts accumulated 
respecting the earthquake of 1819, by Sir Charles Lyell,* * * § it would 
appear that immediately after the chief shockf a mound was found 
to be raised across the eastern branch of the Indus more than 50 
miles in length from cast to west, and in some places 1 6 miles in 
breadth, with a height of 10 feet. This was named by the inha- 
bitants the Ullah Bund, or Mound of God. At the same time 
a submersion of land was effected on the south of the Ullali 
Bund, into which the sea flowed up the eastern channel of‘ tlic 
Indus, converting an area of 2,000 square miles of land into a great 
sea lagoon. The village of Sindrec, situated on the land border- 
ing the river prior to the earthquake, was submerged, the tops of 
the fort and houses being alone visible above the waters.^ At 
Luckput, further down the Indus, the river which was there ford- 
able at low water, being then only about a loot deep, became 
afterwards 18 feet deep at the same time of tide. Other portions 
of the channel were also found to be deepened. The course of the 
Indus is described as much unsettled after the earthquake, and the 
river finally cut through the Ullah Bund in 1 826, throwing such a 
body of water into the salt lagoon, formed during the earthquake, as 
to render the water fresh for many months, though it became again 
salt in 1828. § Being in the course of such a river, it would 
be expected that this submersion would be obliterated by tlie 
usual transport of detritus into it, a cliangc now in progress, 
the lagoon having been found diminished both in size and dcptli 
in 1838. 


* “Principles of Geology,” 7th edit., pp. 4.‘17-441. 

t Sliocks are mentioned as having been felt from the IGth of .lunc, the <lay of the 
great earthquake, to the 20th, when it is said an eruption broke out nt tlie volcano of 
Denodur, 30 miles N.W. from Bhooj, the vibrations then ceasing. The chief shock 
was felt destructively at Ahmedabad, and feebly at Poonah, 4(K) miles more distant.— 
Lyell, “ Principles,” p. 437. 

X Remarking upon the houses not having been thrown dowm (Bhooj, the principal 
town of Cutch was converted into a heap of ruins by this earth([uake), Sir Charles 
Lyell observes that, “ had they been situated, therefore, in the interior, where so 
many forts were levelled to the ground, their site would, perhaps, be regarded as 
having remained comparatively unmoved. Hence w'c may suspect that gjreat perma- 
nent upheavings and depressions of soil may be the result of earthquakes, without the 
inhabitants being in the least degree conscious of any change of level.” 

§ It is represented as having been more salt than the sea, and the natives, according 
to Sir A. Bumes, supposed that it w'as so from a solution of the salt w ith which the 
“ Runn of Cutch ” is impregnated.— Lyell, “ Principles,” p. 439. 



CHAPTER XXIII. 

QUIET RISE AND SUBSIDENCE OF LAND. — RISE AND DEPRESSION OF COAST 
IN THE BAY OF NAPLES. — ELEVATION AND DEPRESSION FROM INCREASE 
AND DECREASE OF HEAT. — GRADUAL RISE OF LAND IN SWEDEN AND 
NORWAY. — RAISED COASTS IN SCANDINAVIA. — GRADUAL DEPRESSION OF 
LAND IN GREENLAND.— MOVEMENTS OF COASTS IN THE MEDITERRANEAN. 
— UNSTABLE STATE OF THE EARTH’s SURFACE. 

In volcanic regions where there is sufficient activity to show that 
the vents are merely in a half-dormant state, or where, from time 
to time, though the eruptions may occur occasionally after even 
considerable intervals of comparative repose, volcanic action pro- 
duces very marked effects on the surface, we should expect that 
there would sometimes be quiet elevations or depressions of the 
ground. Differences in the relative level of the sea and land could 
be caused by the variations of heat to which the hard rocks or 
other mineral accumulations may be exposed, such differences 
producing effects likely to be appreciated by the inhabitants of 
coasts only in proportion as the areas acted upon may, or may not, 
be more or less covered by water, or bt' left dry. Changes of 
temperature which could in so short a time deprive a volcanic 
mountain, such as Cotopaxi in the hot, or such as those in Iceland 
in the cold regions, of their snows, could scarcely but be attended 
with the expansion of the accumulations acted upon. How far 
minor volcanic areas may permanently, so far as regards a cer- 
tain amount of time, remain elevated or depressed, would depend 
upon the conditions under which such areas may be generally 
placed. A minor volcanic area exhibiting considerable activity at 
one time may present a mass of mineral matter more heated, and 
be, consequently, more expanded than at another when this activity 
may cease, even only for several centuries. 
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In tracing back the elevation or depression of a coast by means 
of the human works which appear to have risen or to have been 
Submerged, relatively to the level of an adjoining sea, assuming 
that there are no difficulties respecting the permanency of the lat- 
ter, as might happen, especially as regards tidal seas, there may 
be much uncertainty as to how far the one or the other has been 
slow and tranquil The sudden uprise or depression of land dur- 
ing earthquakes does not necessarily suppose such undulations and 
vibrations of the ground as always to overthrow the works of man, 
though on coasts the resistance offered by them to a great sea- 
wave, rolling furiously over the shore, in consequence of the 
earth-wave, may often be very limited. Great caution is evidently 
needed on this head, so that a slow continuous elevation or de- 
pression of the land, relatively to the level of the sea, be well 
separated from its sudden rise or fall at the time of an earth- 
quake. 

As regards a minor area in a volcanic district exhibiting rela- 
tive changes of level within the historic period, the coasts of part 
of the Bay of Baiae, Naples, have been regarded as affording suf- 
ficient proof. Whether these changes may have been more or 
less sudden, or were gradual and continued through a somewhat 
long time, has not been altogether settled. Looking at the kind 
of country acted upon, a change of level, sometimes slow, at 
others sudden, would not appear inconsistent with the facts 
noticed. With respect to the probable dates at which the changes 
of level were effected, the Temple of Jupiter Serapis, at Puzzuoli, 
has been considered as affording good approximations. The main 
fact is, that three marble columns, somewhat more than 40 feet 
high, slightly out of the perpendicular, are smooth and uninjured 
to the height of 12 feet, above which, for 9 feet, they are perfor- 
ated by the Lithodomus, a common and existing boring mollusc of 
the Mediterranean. The remainder of the columns, all of which 
exhibit the same fact, at the same heights, only show the usual 
effects of atmospheric exposure. On the pavement of the temple 
are other broken columns of marble perforated in certain parts, 
some of them bored not only on the exterior, but also in the cross 
fracture. The inference from these facts has been, that the lower 
parts of the column were protected by some deposit during sub- 
mersion beneath the sea, the columns standing erect, or nearly 
so, while the part above was perforated, and consequently in 
water sufficiently clean for the animals to live in, bore, and 
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obtain their food, the remainder rising above the sea, or only 
submerged to a depth beneath which the Lithodomvs usually 
lives. This supposes the building of the temple on dry land, its 
submersion beneath the sea to between 20 and 30 feet, and its 
subsequent emergence, as now seen ; so that the platform of the 
temple is about one foot, or thereabouts beneath the high water 
mark of the small tides of the Bay of Naples. From the various 
circumstances connected with this locality. Sir Charles Lyell in- 
fers, respecting the ground forming the foundation of the temple, 
that “first, about 80 years before the Christian era, when the 
ancient mosaic pavement was constructed, it was about 12 feet 
above its actual level, or that at which it stood in 1838 ; secondly, 
towards the close of the first century after Christ it was only six 
feet above its actual level ; thirdly, by the end of the fourth cen- 
tury it had nearly subsided to its present level ; fourthly, in the 
middle ages, and before the eruption of Monte Nuovo, it was 
about 19 feet below its present level; lastly, at the beginning of 
the present century it was about two feet two inches above the 
level at which it now stands ” (in 1838.) * 

The evidences of recent changes of* the relative level of* sea 
and land, even as respects the works of man in the vicinity, arc 
not confined to the teiiiple of Serapis. Mr. Babbage mentions 
that at the sixth pier of the Bridge of Caligula, at Puzzuoli, a 
line of perforations by the Lithodomus, and other indications of a 
water level, are found four feet above the sea, as also at ten feet 
above the present sea level on the twelfth pier, and points to the 
broken columns of the Temples of the Nymphs and of Neptune, 
*"as remaining now standing in the sca.t With respect to the 
columns of the latter temple. Sir Charles Lyell observes, that as 
they now stand erect in five feet water, just rising to the surface 
of the sea, their pedestals buried in the mud, if the sea bottom be 
raised, and the covering accumulations removed, they might ex- 
hibit similar appearances to those observed at the Temple of 
Serapis.:]: Roman roads are mentioned as under water, one be- 
tween Puzzuoli and the Lcucrine Lake, and another near tlie 
Castle of Baiae. A road with some fragments of* Roman buildings 


* “ Principles of Geology,” 7th edition, in wliich Sir Charles Lyell gives the results 
of his personal examination of the district, as published in the early editions of the 
same work, and the chief facts mentioned by other authors, 
f Proceedings of the Geological Society of London (March 1834), vol. ii., p. 74. 

X ‘‘ Principles of Geology,” 7th edition, p 4U1. 
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is beneath the level of the sea on the Sorrento side of the Bay of 
Naples ; and in the island of Capri, one of the palaces of Tiberius 
is covered by water.* 

Independently of these evidences connected with the works of 
man, of changes of the relative level of sea and land, there is also 
geological evidence of the same movements within a comparatively 
recent period. Mr. Babbage mentions a line of perforations by 
the LithodomuSi like those on the columns of the Temple of 
Serapis, 32 feet above the present level of the sea, in an inland 
cliff opposite the island of Nisida.t Sir Charles Lyell points to 
this cliff and other facts as capable of proving these changes, even 
if human works in the Bay of Naples had not afforded the evidence 
above noticed ; and which, taken in connexion with that furnished 
by the geological facts observed, would appear to show an unequal 
elevation and depression of the land in different parts of an area 
comprising this bay. 

In accounting for the gradual sinking and rising of the ground 
on which the Temple of Serapis is based, and of which he con- 
cludes there is sufficient evidence, Mr. Babbage ‘adverts to the 
changes of volume which might be produced in the subjacent 
accumulations by the difference of heat in them at different times ; 
an important consideration, not only as respects a minor area of 
this kind, but also the elevation and depression of great masses of 
land, constituting even considerable portions of continents. He 
observes, that in consequence of the changes actually going on 
at the earth’s surface, the surfaces of* equal temperature within its 
crust must be continually changing their form, and exposing thick 
beds, near the exterior, to alternations of temperature and, that 
‘‘ the expansion and contraction of these strata will probably form 
rents, raise mountain chains, and elevate even continents. With 
respect to these greater results, Mr. Babbage refers (1) to the 
increase of temperature foimd as we descend beneath the surface of 
the earth ; (2), to the expansion of solid rocks by heat, while clay 
and some other substances contract under the same circumstances ; 
(3), to different mineral accumulations conducting heat unequally; 


* Professor James Forbes, “ Physical Notices of the Bay of Naples;” Brewster’s 
Edinburgh Journal of Science, vol. i., new series. 

t “ Observations on the temple of Serapis, at Puzzuoli, near Naples ; with remarks 
on certain causes which may produce geological cycles of great extent.”— Proceed- 
ings of the Geological Society of London (March, 1834), vol. ii., p. 47. 

X Proceedings of the Geological Society of London (March 1834), vol. ii., p. 75. 
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(4), to the different radiation of heat from the earth, or at different 
parts of its surface, according as it is covered with forests, with 
mountains, with deserts, or with water; and (5), to existing 
atmospheric agents and other causes constantly changing the con- 
dition of the surface of the globe. Applying these views to the 
ground on which the temple of Serapis is placed, Mr. Babbage 
supposes it to have had an elevated temperature when this temple 
was first erected, and that it “ subsequently contracted by slowly 
cooling down; and that when this contraction had reached a 
certain point, a fresh accession of heat from some neighbouring 
volcano, by raising the temperature of the beds, again produced 
a renewed expansion, which restored the temple to its present 
level.”* 

Quitting the minor area of Naples, where complications may 
arise from the volcanic character of the district, it fortunately 
occurs, that in Northern Europe observations have been sufficiently 
long and carefully continued to prove that a mass of land in Nor- 
way and Sweden has been slowly and tranquilly rising above the 
level of the sea during historic times. About a century and a half 
since, facts were known which induced Celsius to infer that the 
level of the Baltic and Northern Ocean was sinking, as was likely 
to be concluded at that time with respect to any relative change of 
the levels of sea and land. Although Playfair may have pointed 
out that, in accordance with the views of Hutton, it was more pro- 
bable that the land had risen, it was not until Von Buch had per* 
sonally visited the district in 1807 that the latter inference became 
established as a fact. He concluded, ‘‘that the whole country 
from Frederickshall, in Norway, and perhaps as far as St. Peters- 
burgh, was slowly and sensibly rising inferring that the northern 
portion was rising faster than the southern. Referring to the marks 
cut upon rocks during calm weather, coiivsidered to represent the 
standard level of the Baltic, it was concluded by officers charged 
with the examination in 1820-21, that there had been a relative 
change of that level, though the rise had imt been generally to the 
same extent. In 1834, Sir Charles Lyell examined the marks then 
cut by these officers, and concluded that the land had risen four or 
five inches in certain localities on the north of Stockholm. He 
convinced himself at the time, “ after conversing with many civil 


* Proceedings of the Geological Society of London, vol. ii., p. 75, 
f “ Travels in Norway.” 
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engineers, pilots, and fishermen, and after examining some of the 
ancient marks, that the evidence formerly adduced in favour of the 
change of level, both on the coasts of Sweden and Finland, was full 
and satisfactory. The alteration of level evidently diminishes as we 
proceed from the northern parts of the Gulf of Bothnia towards the 
south, being very slight around Stockliolm 

The elevation of the area noticed is considered to extend to the 
North Cape, so that further traces of it become lost beneath the 
Northern Ocean. Taking a general view of the evidence. Sir 
Roderic Murchison has concluded, t that, assuming an east and west 
line traversing Sweden in the parallel of Solvitsborg, there has been 
in recent times on the north, and continues to be, an elevation, and 
on the south a depression. As regards the slow depression of 
Scania, Professor Nilsson infers, that this has been in ])rogress for 
several centuries and Professor Forchhammer considers that the 
isle of Saltholm has not sensibly changed its level, with respect to 
the sea, for 600 years ; while the isle of Bornholm appears to liave 
risen one foot in a century, this elevation having been continued 
for 1600 years.§ 

With respect to very exact measurements, as regards small 
changes in the relative level of sea and land in inland seas, 
such as those of the Baltic, from the configuration of which and 
their mode of communication with the main ocean, disturbing in- 
fluences may arise, no doubt, without reference of the general area 
to some more constant level, such as that of mean tid() in some 
adjoining ocean, there may be difficulties ; but looking at the evi- 
dence as a whole, it would appear decisive of a slow change in the 


* “ Principles of Geology,” 7th edition, p. 300, and “ On the Proofs of a Gradual 
Elevation of certain parts of Sweden,” Philosophical Transactions, 1835. 

t Address to the Royal Geographical Society of London, 1845. 

X Communication to Sir Charles Lyell (Address of the latter to the Geological 
Society of London, 1837). Professor Nilsson mentione4l, among other circumstances, 
that a large stone, the distance from which on the shore of Scania was measured by 
Linnmus in 1749, was, in 1836, one hundred feet nearer the water’s e<lge, and that in 
the sca-port towns, ‘‘ all along the coast of Scania, there are streets below the high- 
water level of the Baltic, and, in some places, below the level of the lowest tide. 
Thus when the wind is high at Malmd, the w’ater overflows one of the present streets ; 
and some years ago some excavations showed an ancient street in the same place, eight 
feet below, and it was then seen that there hod evidently been an artificial raising of 
the ground, doubtless in consequence of that subsidence. There is also a street at 
Trelleborg, and another at Skanbr, a few inches below high-water inaxk; and a 
street at Ystad is just on a level with the sea, at which it could not have been 
originally built.” 

^ “ On ('liangcs of Ijcvel which have taken place in Denmark in the present limes,” 
Transactions of the Geological Society of London, vol. vi., 1841. 
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relative level of the sea and land in the manner inferred.* Geo- 
logical evidence supports the views derived from the circumstances 
mentioned ; for, while the oceanic coast shows deposits raised above 
the present level of the sea, containing the remains of shells still 
existing in it, even barnacles and small zoophytes adhering to the 
rocks on which they fastened while beneath the water, on the 
Baltic side there are also raised accumulations containing shells 
characteristic of that sea. Although these facts might not show 
that the land had been raised in historic times, they are important, 
as proving a relative change of level at a recent geological period.f 
Changes in the relative level of sea and land, and which can be 
measured by that of the ordinary tidal wave of an oceanic coast, are 
not confined to the north of Europe. Facts appear to show, that 
there has been a gradual sinking of the west coast of Greenland 
during at least a century. Dr. Pingel has shown that in a firth, 
called Igalliko (lat. 60^ 43' N.), a house built on a small rocky 
island is now submerged ; that the foundations of a storehouse of the 
colony of Julianahaab, founded in 1776, are only now dry at low 
water ; that near the village of Fiskenass (lat. 63^ 4' N.) they, have 
been obliged to shift the poles for the women’s boats, the old poles 
still standing in the sea ; and that to the north-east of Godthaab 
(lat. 64° 10 N.), the remains of a winter house are now beneath 
high water. Dr. Pingel mentions, that no original Greenlander 
builds his house so near the water’s edge. This author adds, that 
from information higlily deserving of credit, ruins ol‘ ancient Green- 
land winter-houses at Napparsok, 45 (English) miles north of Ny- 
Sukkertop (lat. 65° 20 N.), are to be seen under water.J Thus 

* The average rate of rise in Sweden is estimated at about three feet four inches 
in a century. With regard to the various authorities on the subject of tliis change, 
we would refer, for his usual impartial statements, to the Vicomte D’Archiac’s 
“ Histoire des Progres de la Geologic,” chap. v. ; Soulevements et Abaissements 
Coutemporains, t. i., p. 645. 

t M. Alex. Brongniart found halani still on the rocks, beneath a mass of shells, of 
the same species as now live in the adjoining sea, and :216 (English) feet above its 
level, near Uddevalla (Tableau des Terrains qui composent I’Ecorce du Globe, p. 89). 
Sir Charles Lyell had, in 1834, an opportunity of verifying this observation, not only 
by discovering halani adhering to the rocks, but also small zoophytes {Cellepora?) 
beneath a mass of similar shells at Kured, tw'o miles north of Uddevalla, at more than 
100 feet above the adjoining sea. With respect to the raised accumulations on the 
Baltic side, the same geologist found them more than 100 feet above the adjoining 
sea at godertelje, 16 miles south-west from Stockholm. The shells in these deposits 
are well characjlerized as Baltic, and Sir Charles Lyell points out that the marine 
molluscs found in the Baltic, tliough “ very numerous in individuals, are dwarfish in 
size, scarcely even attaining a third of the average dimensions which they acquire in 
(lie sailer waters of the ocean.”— Principles, 7th edition, p. 503. 

J Pingel, ProccedingH of the Geological Society of Loudon, vol. ii., p. 208. 
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for about 368 English miles there would appear evidence of this 
subsidence, and it is considered to extend to Disco Bay, about 256 
miles further north. 

It has been supposed that the movement noticed in the Bay of 
Naples has not been confined to it, and that, however local some 
of the oscillations of the ground may be, in consequence of the vol- 
canic action connected with it, there is a slow elevation in progress 
affecting Italy from the neighbourhood of Naples to Venice. It 
lias been inferred that there is a change of the relative level of* sea 
and land near the latter city of about six inches in a century, and 
that, extending to Naples, this elevation (varying in the proportion 
of 155 to 660 southwards), is felt for at least the distance of 520 
miles.* With respect to elevations in the Mediterranean connected 
with the works of man. Captain Spratt and Professor E. Forbes men- 
tion an antique sarcophagus in the water of* the Bay of Macri (the 
ancient Telmissus), perforated by boring molluscs up to a third of 
its height, showing a depression and subsequent elevation of the 
coast.-f- Not only are there traces of terraces on the limestones of 
Greece, with lines perforated by boring molluscs, such as now in- 
habit the adjoining sea, but M. Boblaye also points out a cavern 
near Napoh di Romania, raised five or six yards above the level of 
the Mediterranean, containing a breccia, the formation of which he 
refers to historic times, inasmuch as fragments of antique pottery 
are included in it.J Continuing researches of this kind in the 
Mediterranean, we find, on the authority of' M. de la Marmora, 
that on tlic coast of Sardinia there is a deposit now raised above the 
sea, in which, mingled with terrestrial, fluviatile, and marine shells, 
arc the remains of ancient pottery. The bed is described as sloping* 
gently seawards, so as to represent part of an ancient coast with 
a portion of its adjoining sea-bottom. The remains of pottery are 
found where an ancient coast, inhabited by man, may be supposed 
to have ranged, the marine shells of the same species as now found 
in the adjoining sea becoming abundant outwards where the old 
sea-bottom occurred. At about 150 feet on the north-west of 
Cagliari, oysters (^Ostrea edulis) are found adhering to the rock on 
which they grew ; and M. de la Marmora discovered, also on the 
north-west of Cagliari, among the pottery, a round ball of baked 


* MM. Ant. Njccolini and Em. Campo-Lonze, as quoted by M. D’Arcbiac, 
liistoirc dcs Progres de la Geologic,” t. i., p. 659. 
t ** Travels in Lycia, Mylios, and the Cibyratis,” vol. ii., p. 189, 1846. 

X “ .lounial de Geologic,” tom. iii. 
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earth, about the size of an apple, with a hole in the centre, as if to 
pass a cord through. M. de la Marmora considers that this ball 
may have belonged to fishermen following their calling on this coast, 
and who used such balls instead of lead before the change of level 
elevating the deposit to its present situation.* 

The circumstances above noticed will be sufficient to show that 
movements of the ground as well gradual as somewhat more 
sudden, have taken place since the localities mentioned have been 
inhabited by man, and that there may have been oscillations of the 
land in certain situations. These movements cannot be termed 
permanent in a strictly geological sense, since the history of the 
surface of our planet is one of change and modifications, with 
respect to the distribution of land and water ; but they may, for 
the most part, be so regarded with reference to the lapse of many 
centuries, during which man may modify or change his mode of 
existence on the areas so acted upon. Whatever the cause of these 
movements may be on the fgreat scale, and however the action 
which is commonly termed volcanic, may merely constitute a 
modification of the effects due to some general influence by which 
whole continental masses are upraised or depressed beneath the sea- 
level, we have, in earthquakes and the slow elevation and de- 
pression of land now taking place, manifestations of the unstable 
support on which the present mineral surface of the eartli reposes. 
That earthquakes on the large scale may be due to the rending of 
portions of the earth’s crust so acted upon that some previous 
resistance to an upraising or depressing force is suddenly overcome, 
while, in the gradual movements of elevation or depression, this 
ivisistancc is quietly overpowered, may not be improbable. To 
the cause of this unstable state of the earth’s surface, the observer 
will, no doubt, be induced to inquire more particularly when, 
searching amid the various accumulations which he will find re- 
cording the past hisU)ry of our planet, he secs proofs of elevations 
and depressions of old surfaces to which those above mentioned are 
almost as nothing. It would be out of place here to enter upon 
the hypotheses which have been framed respecting it; at the same 
time, it may not be undesirable to recall attention to the results 
produced by chang<?s on the earth s surface, by which dry land is 
lowered and sea-bottoms raised higher, and which Mr. Babbage 'has 
pointed out when accounting (p. 438) for the oscillations of the 
gi\)und on which the Temple of Serapis is based, inasmuch as, 

* “ Journal de Geologic,” tom. iii. 
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whether the explanation be sufficient or insufficient for all the 
phenomena observed, it can scai-cely be disregarded, if we look for 
any source of heat beneath the surface of the earth either partial or 
central.* 


Mr. Babbage (Proceedings of the Geological Society of London, February 1834, 
vol. ii., p. 75) observes, that whenever a sea or lake is filled up by the continued 
wearing down of the adjacent lands, new beds of matter, conducting heat much less 
quickly than water carries it, are formed ; and that the radiation, also, from the sur- 
face of the new land, will be difieront from that from the water. Hence any source 
of heat, whether partial or central, which previously existed below that sen, must heat 
the strata underneath its bottom, because they are now protected by a ba<l condu(‘.tor. 
The consequence must be, that they will raise, by their expansion, the newly formed 
beds above their former level, and thus the bottom of an ocean may become a con- 
tinent. The w’hole expansion, however, resulting from the altered circumstances, may 
not take place until hmff after the filling up of the sea, in which case its conversion 
into dry land wdll result partly from the filling up by detritus, and partly from the 
rise of the bottom. As the heat now penetrates the newly-formed strata, a different 
action may take place ; the beds of clay or sand may become consolidated, and may 
contract instead of expanding. In this case cither large depressions will occur within 
the limits of the new continent, or, after another interval, the new land may again 
subside and form a shallow sea. This sea may be again filled up by a repetition of 
the same processes as before, and thus alternations of marine and fresh-water deposits 
may occur, having interposed between them the productions of dry land.” 
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SUNK OR SUBMARINE FORESTS AND RAISED BEACHES. — SUNK FORESTS OF 

WESTERN EUROPE. SUNK FORESTS BENEATH THE SEA IN ROADSTEADS. — 

MODE OF OCCURRENCE OF SUNK FORESTS. — LOCALITIES OF SUNK FORF^STS. 

REMAINS OF MAMMALS AND INSECTS IN SUNK FORESTS OF WESTERN 

ENGLAND. — FOOT-PRINTS OF DEER AND OXEN AMID THE ROOTED TREES 
OF SUNK FORESTS IN SOUTH WALES. SUNK FORESTS AS REGARDS VARI- 

ABLE HEIGHTS OF TIDE ON TIDAL COASTS. — RAISED BEACHES CONCEALED 
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IRELAND. CARE REQUIRED IN TRACING RAISED COAST LINES. — RAISED 

COAST LINES, SCANDINAVIA. 

The names of sunk or submarine forests and raised beaches for 
comparatively recent changes in the relative levels of land and sea, 
since the vegetation of tlie former and the animal life in the latter 
have been much the same as now found adjacent on the one or in 
tlie other, though not perhaps too well chosen, since there have 
been many depressions and elevations of land marked by the sub- 
mergence of terrestrial vegetable life and the emergence of marine 
remains in beaches at various geological times, are here retained as 
convenient for the present. The evidence is merely negative as to 
the absence of man from some of the coasts where these changes 
have been effected, certain conditions being needed for the preserv- 
ation cither of his remains or those of his works. Certainly some 
of them may readily have occurred since man was created on our 
planet, though no tmees of human existence cither in the con- 
temporary accumulations themselves or in their mode of* occurrence 
may have been detected. While alterations in the relative levels 
of land and sea have occurred in countries long inhabited by civi- 
lized races, and are now known to be effected where sufficient in- 
terest is taken to record them, it is scarcely to be supposed that 
the like have not taken place in regions inhabited by man in a less 
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advanced state, the more especially as the study of geology teaches 
us that such, as will be hereafter seen, have occurred during a long 
lapse of geological time. 

It can rarely happen that, without some historic record of the 
event, the submergence of a coast to any marked depth can be 
well ascertained. The water, except under very rare and favour- 
able circumstances, would remove the traces of the old coast lines 
from our view, and new accumulations, mechanical or chemical, 
would tend still further to conceal them. As regards the evidence 
of a submergence of the shores of Europe for a considerable extent 
on its western and oceanic front, we fortunately possess good 
evidence in those trees and accumulations of other plants around 
them, which have been termed Sunk or Submarine Forests. 
These are to be found under the same general conditions, from the 
shores of Scandinavia to those of Spain and Portugal, and around 
the British Islands. So common to the whole are their general 
characters, that without supposing an absolute contemporaneous 
submergence, or one of equal amount throughout, there still 
remains a change of the relative level of the sea and land of a 
marked kind over the whole of this area. These ‘ forests ’ some- 
times occur on the seaward front of a minor valley, and of othc‘rs 
of far larger dimensions, even beneath the accumulations of a con- 
siderable estuary, and are found stretching inland for considerable 
distances under deposits of gravels, sands, and clays, the latter 
sometimes slightly elevated above the sea, and occupying somewhat 
large tracts of country. 

The slopes on which the ‘ forests ' rest are variable, though 
usually dipping seaward at a very slight angle. If the observer 
will imagine, that during low water, on any tidal coast, a change 
of relative level of land and sea were effected, so that the low 
water line became that of high water, he may form an idea of the 
varied slopes and different areas on which the trees and other 
plants may have grown, and which, now partially or wholly sub- 
merged, constitute ‘ sunk or submarine forests.’ While they are 
often wholly beneath the level of high water, at others they are 
partly beneath it, and partly rise to, or above it. The following 
section (fig. 151) will illustrate the mode of occurrence of several, 
where, after a submergence, other accumulations have been effected 
over a portion, if not the whole ; and so that while a part may be 
laid bare by the action of the breakers, others may be concealed 
seaward beneath the water, or be covered by gravels, sands, or 
clays inland. 



447 


Ch. XXIV.] SUNK FORESTS BENEATH SEA IN ROADSTEADS. 

Let a, 6, represent the level of high water, and c, cJ, that of low 
tide, /, a line marking the general plane of the ‘ forest,’ g, a 


Fig. 151. 

a 9 h h 



beach thrown up in the usual manner, and h, sand, clay, or any 
other accumulation covering up the ‘ forest then it usually 
happens, especially after such a state of the tides and weather as 
shall remove a part of* the beach, that the trees and other vegeta- 
tion are alone visible on the shore at levels corresponding with 
those at which the tide may cut the general plane of the ‘ forest.’ 
The extension of the trees and other vegetation seaward may never 
be known except in the case of a roadstead for shipping such as 
at the Mumbles, near Swansea, or on fishing-grounds, where the 
anchors or nets may bring up portions of them. In like manner 
inland their spread in such directions may only be made apparent 
by canals, docks, or other works cutting through the superincum- 
bent accumulations, as has been done in many localities. 

Although this movement over so considerable an area may not 
always have been tranquil, the very common state of the vegetation 
preserved would lead to the inference that it had very frequently 
been so ; for, as in the following section (fig. 152), the trees a, a, 


Fig. ir,2. 



a, a, a, are in their actual places of growth, though prostrate trees, 
may be often found among them, and the matted remains of 
branches, leaves, and various plants, as well as certain animal 
remains, such as the horns of deer and oxen, c, c, intermingled 
with the roots or accumulated round them, and constituting part 
of the old ground, d, d, are undisturbed. For further illustration 
the supporting rocks, e, which may be, and are of all kinds, as 
also some covering beds, /, /, supposed Inland, arc also represented. 
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When an observer is studying any of the numerous situations 
where these ^ forests ’ are to he seen, it will be desirable that he 
should do so with reference to the locality, and its connexion with 
any larger area ; to the mode of growth of the trees, and distri- 
bution of the other remains of vegetation mingled with them, 
and to their agreement with, or difference from, any plants of a 
similar kind now found in the vicinity, whether as regards kind or 
mode of accumulation; to the remains of animals found inter- 
mingled with the vegetation, and to the probable form of the area 
occupied by the ‘ forest,’ as well inland as seaward. Various 
nooks and comers of oceanic bays, where we may suppose vegeta- 
tion could have flourished under differences of level, so that more 
dry land was exposed, should be examined as well as very sheltered 
situations in places less open to the ravages of the sea. Thus a 
part of the coast of Tiree,* Hebrides, and of another in the Bay of 
Skalll,t Mainland of Orkney, though both exposed to the ocean, 
furnish the remains of these ‘ forests ’ as well as the ramifications 
of old estuaries amid the shores of the British Cliannel and Severn, J 
and the low grounds of Lincolnshire and Cambridgeshire, now 
bounded on the eastern coast of England by ‘ the Wash.’§ As 
regards the tidelcss Baltic, trunks of oaks and pines {Finm syU 
vestris) and other trees, the roots in their natural positions, often 
several times above each other, and the whole five feet beneath the 
level of that sea, are found on different points of the coast near 
Greifswald, near Gnagcland, on the south-east side of the Haff* in 
the island of Usedom, and in the vicinity of Colberg. They are 
separated from the sea for variable breadths of coast by sandy 

* The Rev. C. Smith, “ Edinburgh New Philosophic4il Journal,” 1829. • 

t Watt, “ Edinburgh Philosophical Journal,” vol. iii. Stems of small fir trees, ten 
feet long and five and six inches in diameter, were here found partly imbedded in and 
partly resting on the vegetable matter, chiefly composed of leaves. 

X The “ forest ” passes beneath a considerable portion of the flat low land commonly 
known as the Bridgewater Levels, and it is to be found in numerous other portions 
of the old area of the estuary. The part exposed on the coast of Stolford has been 
described by Mr. L. florner (Geological Transactions, vol. iii., p. 380) who pointed 
out that many of the remains of trees were rooted as they grew, while others were 
prostrate, some 20 feet in length. Remains of the Zotdera oceanica were dispersed 
amid Uie vegetable matter in which the trees occur. Dr. Buckland and Mr. W. 1). 
Conybeare (Geological Transactions, 2nd scries, vol. i., p. 310) mention oak, fir, and 
willow trees, sometimes of large dimensions, partly rooted as they grew and partly 
prostrate, 1.5 to 20 feet beneath the surface of the Bridgewater Levels. Furze buslics 
and hazel trees with their nuts are intermingled with them. 

§ The vegetable accumulations of this kind liavc long been known in Lincolnshire 
and Cambridgeshire. In 1799, M. Correa dc Serra described (Philosophical Trans- 
actions) the ‘^submarine forests” of Lincolnshire as composed of roots, trunks, 
branches, and leaves of trees and shrubs, intermixed with aquatic plants, many of the 
roots still standing in the position in which they grew, y, hiie tlie trunks were laid 
prostrate. Bird), fir, and oak were distinguishable. 



Ch. xxtv.] remains of mammals in sunk forests. 


449 


dunes, under which they do not extend, there gradually*disappear- 
ing. In the vegetable mass accompanying the trees, terrestrial, 
marsh, and fresh-water plants, with their seeds, are alone dis- 
covered, remains of marine vegetation not being found. * 

Occasionally the bones of quadrupeds, and the traces of* their 
foot-prints, are discovered in these ' forests,' as also the remains of 
insects, which are important as enabling the observer to consider 
the distribution of the terrestrial animal life as well as that of the 
plants of the time. Thus among tlie vegetable accumulations 
apparently of this date on the banks of the Humber remains of the 
red deer {CervuB Elephas) and the fallow deer (6\ Dama) have 
been detected ; and in the ‘ submarine forest’ of Minehead, Somer- 
setshire, the bones and antlers of the red deer are discovered amid 
the upright stumps of trees (chiefly oaks) now below the level of 
the sea and covered by it at high water, the trees rooted as they 
grow. The latter is especially an interesting circumstance, as the 
red deer are still found wild in the adjoining forest of* Exmoor, so 
that the change of level has been effected since the red deer 
inhabited the district. Extending our researches into Cornwall, 
we find that a change of level may have happened, submerging 
vegetation in its place of growth, even after the introduction of 
man into Western England ; for, at the Camon tin Streamworks, 
north of Falmouth, whence pebbles of tin ore have been ex- 
tracted from beneath the bottom of an estuary, human skulls are 
stated to have been discovered with the bones of deer, among the 
trees and other vegetable remains covering the stanniferous gravel. 
Trees, partly in their places of growth, their roots descending 
among the tin pebbles, have been found 48 feet below high-water 
mark at tlic Pentuan tin stream works, Cornwall, covered by 
estuary and fluviatile accumulations, and which may be the equi- 
valent of the Carnon bed, f not far different in depth beneath the 


♦ German Translations of De la Beche’s Geological Manual. In some places the 
Aniruio phraymites so abounds that the peaty mass Stems entirely composed of it. 
The lower layers contain Ceratophyllum demermiNj Potumoi/tfon jmsilhrm^ Najas nuijor^ 
and Ny^mpha'a Ivtea, Scirpus palustrfs and Hippuris vulyaris are also found with tlie 
Arundo. Seeds, especially of the Menyatdltcs trifoliata, arc also freijuent in the lower 
layers. The ground beneath the peat contains fresh-water shells ; Paludina impura^ 
Lam., Planarbis imbricatus, Cyclostoma actctvm, and Livmeus t^ulyaris. 

t The section showed a bed, about 18 inches thick, of wood, leaves, nuts, &c., beneath 
about 50 feet of silts and sands, with shells, the vegetable accumulation, with ils 
human skulls and remains of deer, resting on the pebbles of tin ore, and of quartz, 
slate, granite, &c., commonly termed the tin Hen wood, “Trans. Geol Stc. 

of Cornwall,” vol. iv., p. 58. 

At the Pentuan tin stream-works, where mining operations were continued under 
the sea-level for the extraction of the tin-ore pebbles, the vegetable accumulation, the 
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same level. Whatever may have been the relative date when the 
skulls were entombed, supposing the Carnon accumulation in wliicli 
they were discovered not to be precisely equivalent to the ^ forest’ 
disclosed by the mining operations at Pentuan, it would still appear, 
as we have elsewhere remarked,* that after the causes wliich 
produced the tin ground or stanniferous gravel (of Cornwall) had 
ceased, the relative levels of sea and land were such in this district 
that a growth of plants and trees, not dissimilar from that of* the 
present day, took place upon the gravel, and that subsequently 
these levels became altered, so that the sea covered the lower parts 
of the valleys previously above water. In the creeks thus formed, 
silt, mud, and sand were deposited, entombing the remains of' 
marine and estuary shells of the same species as those which now 
exist on the coast, and finally, from the continued drift of alluvial 
matter down the valleys, river detritus covered up these marine or 
estuary deposits when they had aecumulated to the necessary 
height.” 

As regards the British ‘ sunk or submarine forests,’ they not only 
show that red and fallow deer, species now living, roamed among 
them when they were above water and in full growth, and possibly 
that man may have been an inhabitant of Western England at the 
time, but also that they were tenanted by species of at least one 


roots of trees passing down to tiic* '•tin was (at tlic Happy Union Works) 

alK>ut 30 feet below the level of low water, and 48 feet bencntli that of high-water 
spring -tides. The trees had been submerged, so that oyster-shells were found attached 
to their stumps “ The roots of the oak are in their natural position,” observes 
Mr. Colenso, “ and may be traced to their smallest fibres (in the tin ground) even so 
deep as two feet ; from the manner in which they spread, there can be no doubt that 
the trees have grown and fallen on the spot where their roots are found.” Resting 
upon this accumulation is a bed of silt, about tw’o feet thick, in which there are also 
wood and hazel nuts, and with these vegetable remains the bones and horns of deer, 
oxen, &c. Mr. Colenso further states, that the shells dispersed through this bed, com- 
monly in layers, present the appearance of their animals having lived and died in the 
places w here their remains are now' discovered. Above this accumulation follow in 
ascending order < 2 , a bed of sand, four inches thick, containing marine shells ; 6, silt 
or clay, two feet thick ; c, sand, 20 feet thick. (“In all parts of this sand there are 
timber trees, chiefly oaks, lying in all directions, and also the remains of animals, 
such as parts of red deer, &c. Human skulls have also been found in it, os also those 
of whales.”) d. a bed of rough river sand and gravel, here and there mixed with 
sea sand and silt, about 20 feet thick, extending to the surface. Mr. Colenso states, 
that a short time before he described the section (182.1), the remains of a row of 
wooden piles had been found in this sand, sharpened for the purpose of driving, and 
that they appeared to have been used in the construction of a wooden bridge for foot 
passengers. They crossed the valley, and were about six feet long, their tops being 
about 24 feet from the present surface, just on a level with the present low water at 
springtides. He remarks, that if the relative sea level had been then as now, such a 
bridge would have been useless. 

♦ “ Report on the Geology of Cornwall, Devon, and W est Somerset,” p. 4i)fi, (18311). 
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large quadruped which is now extinct. Of' this evidence has been 
obtained in the ‘submarine forests’ on the coast of South Wales. 
Among other places where these are found on the shores in that 
district, there is a considerable tract of low ground extending from 
the mouth of the Neath river eastward beyond Port Talbot, fringed 
by a covering of blown sand-hills (fig. 64, p. 88). Beneath these 
and the low ground, natural and artificial operations have occa- 
sionally exposed the vegetable accumulation, the stumps of trees 
with their roots standing as they grew, with prostrate trunks, and 
the usual characteristics of the ‘ forest.’ On the surface of‘ the 
clay in which the trees are rooted, foot-prints have been here and 
there detected, as if in passages amid the trees by which animals 
found their way through them, these foot-prints of various forms 
and sizes, some clearly those of deer, while now and then a large 
impression would be observed resembling that of‘ some gigantic ox, 
having feet spreading far more widely than any domestic ox, even 
of the largest size, now known. Tliis is not an isolated fact, for more 
westward, (about 28 miles,) while docks were being constructed 
at the port of Pembre, Gaermarthenshire, and some covering sands 
removed, the ^ submarine forest’ which there occurs beneath mucli 
of the estuary of the Burry and Llwcliwr was exposed, and similar 
foot-prints were found, some of a great ox mingled with those of' 
the deer. Having attracted attention, drawings of these impres- 
sions were made at the time. As the horns and skull of' the Bos 
primigenius were discovered near the same place, apparently 
derived from the same beds, it may be that the foot-prints men- 
tioned might have been those of this large animal. 

• "We would thus seem to arrive at a period for the growth of' 
these ‘forests’ in England, when not only species of existing 
British animals then wandered among tliem, but also one, if' not 
more, of the now extinct mammals,* leading into the times when 
elephants, hya3nas, and other extinct quadrupeds also tenanted 
this country. Indeed, when contemplating f'rom any of the ad- 
jacent heights the range of country which includes the estuary of 
the Burry and Llwchwr, with its ‘submarine fi>rest,’ and also one 
of the limestone caves of' that part of the country, wherein the 
remains of hyaenas, rhinoceroses, and other animals are found, the 
cave’s mouth fronting, and not far above the range and level of 

♦ It becomes interesting, os connected with the subject, to ascertain how far any of 
the localities where the antlers and bones of the Megneeros Hihernicus are found may 
be connected with the tracts of * submarine forests.’ The general evidence respecting 
this gigantic and extinct deer w'ould appear to be, that its remains are discoveretl in 
fresh-water shell marls or gravels beneath existing bogs. 
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the ^ forest/ an observer has some difficulty in very clearly defining 
the time when the forest grew and the red deer of the present 
time, the great extinct ox, and the rhinoceros may have ceased to 
be contemporaneous, anterior to the submersion of the land 
beneath the level of the adjoining ocean, in such a manner that 
not only the stumps of trees remained rooted in the ground in 
which they grew, but the foot-prints of mammals which roamed 
amid the forest of this period also remained uninjured during the 
time when they were covered over by silt and sand. 

Wliile thus there is evidence of a change in the relative level 
of sea and land, by which the latter has been lowered several feet 
beneath the former along the oceanic shores of Europe fi)r about 
20° of latitude, there is also evidence of changes of levels on tlie 
same coasts of the reverse kind, beaches and worn cliffs affording 
proofs of them, and the remains of* molluscs showing that such 
changes occurred after these were of the same species as those 
which now inhabit the adjoining seas. Reference has been pre- 
viously made to the mollusc remains of existing species found 
entombed in deposits, of the inferred comparatively recent and 
very cold condition of Northern Europe ; a time when molluscs 
of an arctic character reached more southwards than at present. 
Still referring to the same period, and to the evidence pointing to 
a submergence and emergence of the lands of the British Islands 
to the amount of 1,000 to 1,500 feet, and probably also of much of 
Western Europe to variable depths and heights, many tracts of 
old coasts and beaclies would be expected, their greater or less 
state of preserv^ation depending upon local circumstances as well 
as on the more general influences of different climates. Amid tlte 
varied cliffs and beaches left by so considerable an emergence, if 
we are to suppose it slow, intervals of comparative stability inter- 
vening, the observer would anticipate much difference of level in 
the cliffs and beaches he may discover, expecting nevertheless, all 
other circumstances being the same, that the cliffs and beaches 
would be the less injured in proportion as they were the more 
recent. 

The coasts of* Europe present many examples of cliffs and 
beaches elevated above the present level of* the adjoining seas, the 
beaches containing fragments of the shells of molluscs still in- 
habiting the latter. The coasts of the British Islands, from their 
position, and the variable conditions under which they occur 
relatively to exposure to or comparative shelter from the Atlantic, 
and the variable rise and fall of tides, afford excellent opportunities 
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for the study of these cliffs and beaches. And with respect to the 
consideration of such changes of level, the alterations that may be 
effected by tlie conversion of an estuary, facing the tidal wave 
coming in from the Atlantic or any other ocean, into a more spread 
area of water by submergence of the land, should be borne in mind, 
as also the wearing away of' cliffs and the accumulation of beaches 
up to high-water mark, should an estuary be converted into land 
by an emergence. For example, if the land of New Brunswick 
and Nova Scotia were depressed beneath the ocean (and no very 
considerable submergence would be required), so that the tidal 
wave flowed freely over from the present Bay of Fundy to the 
Gulf of St. Lawrence, there would be an end of the causes (p. 78) 
producing the very high rise of tide in that bay, and, consequently, 
its plane of lines of' cliffs and beaches. The same would also 
happen, though on a minor scale, if the land bounding the British 
Channel, and its continuation, the Severn, was so depressed 
beneath its present relative level, that the great rise of tide (46 to 
50 feet) at King’s Eoad (Bristol) and Chepstow was no longer 
produced, the tidal wave sweeping onwards without much ob- 
struction, and passing round on the north and south of Wales, then 
becoming an island. In such cases the inclined plane corresponding 
to the higli-water mark would be depressed at different depths 
beneath the general level. In like manner the observer should 
well weigh the changes and modifications by which similar estuaries 
or bays during emergence from the sea may have such tides pro- 
duced in them as are now found, so that after having cliffs worn 
out, or beaches thrown up at some moro equal level, these more 
Jbclined planes of the one or the other may be formed. The 
modifications <^f the relative heights at wliich cliffs and beaches may 
be contemporaneously formed on all tidal coasts, according to the 
general level of land and sea for the time, require very great care, 
as also the probable conversion of tidal into tideless seas, and the 
reverse, tideless seas (employing that term with reference to tides 
capable of producing very appreciable gei)l(>glcal effects, and not 
strictly,) affording as a whole (due refereiici' being made to the 
disturbing influences of winds) a better general level than the 
high-water line on coasts variably affected by the action of tides 
upon them. * 

From the effects, chiefly of atmospheric influences, by which 

* It is much to be desired, that the governments of different countries having sea- 
coasts would, at convenient points, ascertain the level of mean tides (not a difficult 
operation), connecting the spots where this may bo accomplished (as marks on the 
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the* sides of hills and mountains are decomposed and the dis- 
integrated portions descend downwards into the valleys and low 
grounds, as in the following section (fig. 153), where certain rocks. 



slates, for example, decomposed on the surface of the hills, 
arc more or less covered by this detritus, accumulating in de- 
pressions, such as the valley c, many a ellff and beach is covered u}>, 
so that inland the opportunities are less frequent usually for observ- 
ing them than near the sea. where a coast may be so cut back by 
breakers as to exhibit the beach and cliff beneath this kind of 
covering. Let, for illustration, the following section (fig. 154), 


I'lj I'i 

1 2 4 



1 ir a 4 


'»iie whicli is not uueommon in Western England, re])reseut a 
l aised beacli, concealed by a covering, a, a, composed of decomposed 
r<K.*k and other detritus, descending from an adjoining hill; c, /, 
l)elng the level of high tide. Should there be a large modern 
beach at c, so that the breakers have little access to the lower part 
of the modern detritus, a, a, evi^n the subjacent r(K*k may be 
cr^vered at tliat point, b; but should the breakers act freely, so as 
to cut back a cliff, then neither the first disUmcc, 1, 1, nor the 
s(*cond, 2, 2, Would exj)Ose the concealed bcitch, the latter only 
showing the subjacent rock at b. When, liowever, the cutting 

coast itself at tlic actual level fouinl may be in time obliterated from the actitni of the 
sea or atmospheric iiiflueiices), wltli copjH*r bolts, or other ttench marks in, or on some 
inland clitr, religious edifice, or other building likely to Iw preserved. By connecting 
such original licnch marks, and others inland, by a carefully- considered sysUmi of 
lc\ els, not only might any variations in the relative levels of sea and land be hereafter 
detecte<l, but also movements of the like kind on the great, though tranquil, scale he 
ascertained inland, the means of obtaining the needful evidence even e.^tending con- 
siderable distances into the great continents. With this view the Britisij Association 
for the Advancement of Science liad lines of level run, in IW-H, uniting boiich marks 
cuniriected with the tides tii the English (’hannel at Axniouth, Devon, and in the 
Bristol (.'haniiel, at IWteshefuJ, near Jlristol, and at Miiieheml. 'fhe careful levels 
worked out ^luring the pnigress of the Onliiariee Survey in the British Islands permit 
excellent coimectiunb with the level of mean tides around. 
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back had reached the distance 3, 3, the beach may be well exposed ; 
but should the breaker action still further wear away the cliiF to 
4, 4, then no trace of' the beach would be left. The subjoined 
section (fig. 155) of the Hoe, Plymouth, may serve to show how 

Fig. 1.55. 


n 



d 


tills can really happen. In it, J, d, represent the Devonian lime- 
stones of' tlie locality, on a part of which the beach, c, reposes, 
about 30 feet above the present high-water mark, containing the 
remains of shells of the same species as are now found in the ad- 
joining sea. At a, this is covered by angular fragments of the 
limestone of tlic hill, derived from the decomposition of its upper 
part, of tlie same kind which fills up a cavity above at a!. At /, 
the old clllT is seen behind the beach, c. This section was exposed 
by blasting away the limestone rock, taken away for use in large 
quantities.* 

The following section of part of the Cornish coast near Falmouth 



affords a useful illustration of the manner in wliich a raised beach 
jnay be co5’ercd by the detritus falling over from the hill above; 
in this case over the face of an ancient cliff, which would be 
concealed except from the wearing away of the coast by the 
breakers. The section is exposed between Tiosemullion Head and 
Mainporth, and the angular detritus, of slate and more arena- 
ceous beds, clearly derived from the hill, A, is well seen to cover 
over the clilF, and the beach, a ; in all ri*spects corresponding 
with those in the adjacent coves and bays. In this section, the 
observer also finds a low level of rocks, e a, formed at the time 

* The section is given as seen in 1830. The raiseil beach was comix)sed of pebbles 
of limestone, slate, reddish porphyry (occurring in places in another part of Pl3'mouth 
Sound), and red sandstones, all rocks of the vicinity. Beneath the Pljinouth Citadel, 
where a sandy prolongation of this raised beach occurs, it is chiefly formed of frag- 
ments of molluscs, of the same kinds apparently as those in tlie Sound adjoining. 
Other raised beaches are seen on the coasts of Plymouth Sound, as under Mount Edge- 
cumbe, at Stiuldon Point, and nearly oi»posite the Shag Uock, on the eastern side, 
angular detritus of the adjacent hills covering them all. 
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when the breakers, at another relative level, were cutting back 
the ancient cliff, 6, as similar planed portions of rocks are being 
now cut back on the same coasts at a lower level. Not far distant 
also, on the same coast, at a place named Nelly’s Cove, the sub- 

Fig 157. 




joined section is exposed, wherein a is the raised beach, b the 
supporting rock, and c the angular deposit derived from the rocks 
above, and which, as it accumulated, slid into a form corresponding 
with that of' the beach beneath and the old cliff behind, the cover- 
ing detritus, the beach, and the supporting rocks being all now in 
the process of being cut l)ack by the heavy breakers of the adjacent 
sea. These in time will obliterate all traces of the beach, its 
covering, and the old cliff, leaving nothing but a bare wall of the 
rocks now behind the whole. 

When formed of calcareous substances, either limestone pebbles 
of various sizes, or of comminuted sea-shells, luised beaches arc 
sometimes as liighly consolidated as the rocks wliich may support 
them, carbonate of lime thrown down under fitting condition^ 
from a solution in water of the bicarbonate by means of carbonic 
acid (p. 13) cementing the whole together. Of the consolidation 
of a raised beach formed chiefly of comminuted sea-shells, tliat at 
New Quay, on the north coast of Cornwall, has long been celebrated. 
The following (fig. 158) is a section seen on the Look-out Hill, 
a, a, a, being slaty and arenaceous beds (dipping at a consideiablc 
angle) upon which the Ixjach, b, comjx)sed of' rounded pebbles of 
the adjacent rocks, cemented by consolidated sca-shell sand, reposes. 
At c are layers of the same comminuted sca-shell and sand, not 
uncommon on the shores and blown sandy dunes of tlie neigh- 
bouring parts of Cornwall, the lowest layers being much consoli- 
dated.* These are covered at d by an accumulation of angular 
fragments of derived from the hill ab(jve. The present level 

♦ Tiie coubolidalioii ot thctfc MtuUb liub been luevioubly ijiciiliuiiud, mttt , ]». 62. 





Ch. XXIV.] RAISED SEA BEACH, NEW QUAY, CORNWALL. 


457 


of high tide is shown by the line e, e. In this case there would 
appear to have been some modification in the condition of this part 



sea-shells after the time during wliich a shingle beach was formed, 
and prior to the accumulation of the covering of angular fragments ; 
perhaps, a time when blown sands were drifted over it, as in parts of 
the adjacent coasts at the present day, where such sands are driven 
over the shingle of ancient beaches now removed f rom the action of 
the sea. Tliis view is supported by a section (fig. 159) in Fistral 

Fig. 159. 



Jlay, part (on the western side) of the projecting land on which the 
other section (fig. 158) is exposed, and where slates and more are- 
naceous beds, a, rt, forming a portion of the same mass with those 
exhibited beneath the Look-out Hill ((ig. 158, a, a, a), support 
rolled pebbles, often of large size, mingled with smaller gravel and 
sand, the whole constituting a kind of beach, h, Tliis is surmounted 
at c by l're(iuent alternations of fine gravel and sand, some of* the 
layers of the latter being more consolidated than i.)tlicrs. At (i, 
the sand is less indurated, and at the extremities ol* the dunes on 
the north and south become mingled with angular fragments of 
rocks derived from the adjacent hills. In this instance there 
would appear evidence of a portion of a sea bottom, adjacent to 
the coast, having been elevated when the beach at the Look-out 
Hill wiu« uplUled. 

Still keeping to the north coast i»f Cornwall, as it appears useful 
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to illustrate changes of level of this kind, where various modified 
cflFects, arising from them, arc well exhibited in very accessible 
localities within moderate dlstaAccs, the observer will find good 
examples even of raised sandy dunes ; thus obtaining an insight 
into the condition of a range of oceanic coast, with its modifications 
of shingle beaches at the foot of cliffs, shallow shores with tlicir 
prolongation of blown sands, and accumulations in shallow coast 
waters of the time, all upraised and variously acted upon at 
the present level of the breakers. At St. Ives’ Bay and Perran 
Bay, sandy dunes, accumulated when the relative level of the 
Atlantic ranged along this land 30 or 40 feet higher than it now 
does, the latter having been since upraised, arc seen pcrclied 
where existing conditions could not place them, their old sup- 
porting rocks, previously removed from breaker action, now cut 
into cliffs by it. This is especially well shown in the former bay, 
near Gwythian, where a cliff of hard rocks, rising 35 or 40 feet 
above the present high-water mark, is surmounted by part of an 
ancient beach, with old sandy dunes above it. After this uprise, 
the slope of the coast was such that on the south-west, in the 
direction of Hayle and Lclant, conditions for the production d' 
sandy dunes still continued, so tliat in tliis mass of blown sands, 
three miles in length, in<xlern arc partly driven over the older 
accumulations on the sides and in front of the valley between 
Gwythian and Godrevy Head, towards wliich, near Godrevy, an 
excellent section c»f a raised beach was, in 1838, to be Ibund. 

Classes of sand on coasts, acted ujxm by winds, and apparently 
not produced by existing c< inditions on such coasts, have not always 
lx?en accumulated as blown sands and then elevated ; as, li)r ex-% 
ample, at Porth-dinlleyn, on the coast of Cacrnarvonsliire, where a 
mass of sand covers a clay and gravel, of the deposits termed 
glacialy (p. 280,) and might, at first sight, be referred to raised 
sandy dunes. Careful investigation shows that this sand is an 
elevated sea-bottom, layers of a liardcr and more argillaceous kind 
.Ixjing interstratified with the more loose sand, and retaining all tlu? 
perforations made by marine animals when these layers were at the 
Ixjttom of the sea. Breaker action Is now removing these sands, 
brought within its influence by the elevation of' the land, and does 
not assist, with the wind, in forming sandy dunes, lliese sands 
only constitute a portion of raised sea-botfijins, fi»rmed ol’elther clay, 
sand, and gravels, witli larger blocks of rock, dis|x*rsed over the 
adjoining land. 

A raised beach ol a very instructive kind was lc»jig since (1822) 
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described by Dr. Mantell,* as occurring near Brighton, where one, 
elevated several feet above the sea, rests upon chalk, the rock of 
the coast, in the same manner as the beach at Nelly’s Cove, Fal- 
mouth (fig 157), reposes on the old slates and accompanying beds. 
The beach near Brighton is backed by an ancient cliff of chalk, 
and, above the beach, chalk rubble, loam, &c., obscurely bedded, 
contain many teeth and bones of the fossil elephant, whence the 
name “ Elephant Bed” has been given it. Rolled pieces of chalk 
and limestone are discovered among the pebbles, “ full of perfora- 
tions made by boring shells.” t In this case the beach would 
appear to have been formed prior to, or during the existence of, 
the mammoth in Britain. 

With regard to the fossil contents of these beaches, they afford 
much information as to the exposure of the coasts of the time to 
differences in the range of sea to which they may have been open ; 
tidal streams and ocean currents being modified by alterations in the 
distribution of land and water. Professor E. Forbes informs me 
that the fossil shells of the raised beaches on the shores of the Clyde 
are, in many cases, those of species which, though still living in 
the British seas, present a more southern character tlian the mol- 
luscs now existing in 'hem, and that they ai'e confined to districts 
more southern and western than the Frith of Clyde. He thence 
infers a change in the direction of the currents from the south, 
(especially in that known as Rennell’s current,) this change bei^g 
probably due to the conformation of the coast lines of the time. 

It is desirable, as has been done by Mr. R. C. Austen, J to con- 
nect tliese raised beaches and elevated sea-bottoms of* the same 
geological dates, and the submarine or sunk forests, with the 
present state of the seas adjoining or c<»\ering them. After care- 
fully considering the subject, Mr. Austen shows that although the 
distribution of the detritus derived from the present coasts of 
France and England, in the English Channel, and from England 
and Ireland on the sea-bottom to the south of the latter, with the 
sediment brought down by the rivers to tliose coasts, is in ac- 
cordance with the arrangement which would be expected from 
breaker and wind-wave action and tidal streams; there are, 
especially in tlie central parts of the English Channel and on the 
outer range of the 100 and 200 fathom soundings towards tlie 

* Fossils of the South Downs, 1822. 

t Muntell, ‘‘Wonders of Goohjg},” 0th edit. (1848), p. U3, vhere a section and 
iletttiled description are tj;i\eii of the raised beach at Brighton, east of Kemp Town. 

X ‘'On the alley of the English Channel;*' Journal of the Geological Society of 
iiOiulon, Yol. vi., p. till. 
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Atlantic, bare rocks, shingles and coarse ground, and the shells of 
littoral molluscs so occurring as to point to the submergence of 
former coasts and shallow water adjoining them. With regard to 
the ‘‘ submarine or sunk forests,” Mr. Austen calls attention to 
the necessity of not limiting their extension beneath the sea out- 
wards to the shores where they arc now discovered, but to take a 
more general view of them as parts of submerged dry land ; one 
which would better accord with the coarse detritus at depths, or in 
situations, where existing wind-wave action and tidal streams 
would not transport it, and also with the remains ol‘ littoral mol- 
luscs, Patella vulgata, Littorina littorea, found in similar 
situations. The evidence adduced shows very uneven ground out- 
wards, especially towards the Atlantic ; strewed over inwards by 
varied detrital deposits, partly the adjustment of existing cir- 
cumstances, partly the mixed result of these and former conditions 
when the present sea-bottom was more elevated, even forming dry 
land connecting the British Islands with the continent. Without 
a proper chart ♦ showing the condition of the sea-bottom around 
tlie British Islands, it would be difficult to convey a correct idea ol’ 
the inferences to be derived from it ; but, as illustrating a portion 
of this bottom, Mr. Austen remarks, that “ within a distance from 
the summits of the Little Sole Bank, (parts ol‘ which rise to within 
50 and 60 fathoms on the south of Ireland and ofi' the mouth of 
the English Channel,) not so great as from the top of Snowdon to 
the sea, soundings have been obtained of 529 fathoms (3,174 feet ) ; 
in other words, the Sole Bank rises from that level to nearly as 
high, and more rapidly, tlian does the ma.ss of Snowdon from the 
sea level of the Caernarvon coast by the Menai Straits.” f • 


• The observer should consult the chart appended to Mr. Austen’s Memoir, iiiMhich 
a large amount of valuable information relating to the sea-bottom of the area noticed 
is gathere<l together. 

t "‘The clmracter of the greater part of the channel area,” continues Mr. Austen 
“ if laid bare, would be that of extensive plains of sand, surrounded by great /.ones ot 
gravel and sliingle, and presenting much such an admixture and urnin):emeiit of 
materials as we may observe at present over the llagshot district of deposits ; wliilst 
along the opening of the channel there is an obvious configuration of idll and valley, 
and an amount of inequality equal to that of the most inounlaiuoub j)art of Wales.”— 
Jourrml, Ac., vol. vi , p. 85. 

Referring to the examination of the range of the 2(I0 fathom line frfjm C’apc 
Finisterre to the jiarallel of the Lizard, undertaken by Cajitain Vanl^ello in 1828 
and 1829, Mr. Austen points out that the irregularity of soundings at this line, which 
runs at a comparatively short distance, ns we have elsewhere remarked (Researches 
in Theoretical Geology, p. UK)), outside lliat of KK) tathoms, ( represen teil in figs. 65 
and 99, pp. 91 and 261,) is far from being confined to one spot, but ranges not only 
southward, as sltown by Captain Vaiihello, but also Uf the iiortliward. A reference 
U) fig. 99, p. 261, will show tliat the Rockall Bunk, west\%ard of Ireland, much resem- 
bles an island under water ; on uprise of only 600 feet would make it one. 



Ch. XXIV.] CARE REQUIRED IN TRACING RAISED COAST-LINES. 461 

Amid the complications which may arise in coasts where there has 
been gradual elevation of the land above the mean tidal level of the 
ocean, from the tidal differences above mentioned (p. 453), from 
the variable exposure to breaker action, as the shores become 
sheltered at one time and more exposed at another, from the 
amount of concealment of sea action on the surface of land caused 
by atmospheric influences, combined with running waters, and 
from unequal elevation of the land itself, the observer will, no 
doubt, require much caution while endeavouring to trace the line 
of coast of any one particular time. This will especially be the 
case when there have been oscillations, as there is frequently 
reason to conclude there have often been, during a time when the 
molluscs of adjoining seas continued to be much the same as now 
found in them. 

In the Scandinavian region, where a slow rise of land (p. 439^ 
is now taking place more on the north than on the south, and 
where surface changes, of no great geological magnitude, by which 
the land now separating the Baltic from the Atlantic could so easily 
convert a tidcless sea into a branch of the ocean (a tide rushing up 
tlie Gulf of Bothnia and producing its effects in the same manner 
as is now found in the Bay of F undy), traces of elevated ranges of 
coast are seen, which are the more interesting, as they serv'e to 
connect former movements of this kind with that now taking place. 
Respecting the evidence on this head, a very valuable summary 
and general view will be found in the observations of M. £lie de 
Beaumont on the researches of M. Bravais (connected with this 
subject) in Scandinavia.* Shells of nudluscs now found living, as 
dittoral species, on the shores of Norway, arc discovered raised 518 
(English) feet above the sea in the province of Drontheim, 482 
feet at Skioldal and Hellesaon, 360 feet ai\ und Lake Odemark, and 
206 feet at Udde valla. Lines of erosion arc also inferred to mark 
the former relative levels of sea and land on the Norwegian coasts. 
In Finmark traces of an ancient line of sea-coast were followed 
from Alten Bay to Hammerfest. These consisted of beaches and 
worn lines of rock, forming the section of a plane so inclined that 
while on the south of Altenfiord it rose 221 feet above the sea, it 
descended to 94 feet near Hammerfest. Bcncatli this first line was 
a second, 88 feet above the sea in the former locality, 46 feet at the 
latter, both these lines falling from south to north, the reverse of the 
movement now taking place in northern Scandinavia. M. Bravais 

♦ “ Comptes Rcudus,” vol. xv., p. 817 (1842). Report on the Memoir of M. Bravais, 
Voyage dc la Commission Scientifniuc dii Nord eii Scantlinavie, eii Lnponic, &c. 
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considers that an intermediate line of ancient coast occurs between 
these more marked lines, which arc not exactly parallel with each 
other, though they may appear so for short distances, showing the 
obsers^er the necessity of exact measurements in researches ol this 
kind. 

With reference to the erosion of rocks in connexion with raised 
beaches in an oceanic situation, and where sea levels are not likely 
to have been much disturbed by changes, altering tidal action 
during the amount of elevation of land inferred, attention may be 
called to one of the earliest observations of this kind by Captain 
Vetch, at the Island of Jura, Hebrides. He there found six or 
seven lines of raised beaches, the highest about 40 feet above the 
present high-water mark. The beaches arc composed of sliingles 
of quartz rock (that of the island), ol‘ about the size of cocoa-nuts, 
and they arc precisely similar to those which constitute the present 
beachcs'on the Loch Tarbcrt side of Jura, where these raised bcaclies 
are well seen. Their aggregate breadth varies “ according to the 
disposition of the ground: where the slope is prccipithms, it may 
be a hundred yards ; where gentle, as on the north side of the locli, 
three-quarters of a mile from the shore.'** The beaches repose 
partly on bare rock, and partly on a compound of clay, sand, and an- 
gular pieces of quartz rock. Captain Vetch observed that caves arc 
found at the same level on the nortli side of Loch Tarbcrt, at a 
considerable height above the sea, and as he liad never seen caverns 
formed in the quartz rock of Isla, Jura, or Fair Island (Hebrides), 
except on the shore, he considers these to have been formed at tlie 
time wlicn the relative levels of sea and land were such as to cut 
the line of the caves. 


• Geological Traiisaclious, 2»»1 scries, vol. i. 
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TEMPERATURE OF TITK EARTH. — TEMPERATURE OF DIFFERENT DKPl’HS IN 
.SIBERIA. — TEMPERATURE FOUND IN ARTESIAN WELLS. — HEAT OF WATERS 
RISING THROUGH FAULTS AND OTHER FISSURES. — VARIARLE TEMPERA- 
TURE FROM UNF:QUAL percolation of WATER THROUGH ROCKS. — TEM- 
PERATURE OF WATERS IN LIMESTONE DISTRICTS. 

As the temperature of the earth may have an important bearing 
upon conclusions wliich an observer might feel disposed to form 
respecting the causes of certain phenomena which he may be in- 
vestigating, it is desirable that he should carefully direct his 
attention to it, so that its full value, as a geological agent, may be 
duly appreciated. Mention has been above made (p. 206), of'tlie 
heights above the level ot‘ the sea at which, with certain modifica- 
tions, water remains in a solid state. Independently of the well- 
known action of the sun on the surlace of the earth, it is found 
that, after due allowance has been made for the temperature thus 
produced, there is another temperature, commencing at certain 
distances beneath that surface, the cause of which appears to require 
•another explanation. Diunial variations < )f temperature are con- 
sidered not to extend, viewing the subject generally, to a greater 
depth than about three feet, and annual variations are inferred to 
cease at from 05 to 70 or 80 feet. Beneath depths not much 
differing from the latter, the temperature of rocks has been found 
to increase in mines, as also in the perfi)rations into the ground 
commonly termed artesian wells. The rate of tliis increase of tem- 
perature has been Ibund to vary, as might be (‘xpi'ctcd, from certain 
local causes, such as the relative exposure oi‘ the mass of ground 
examined witli respect to the form in which it may project into 
the atmosphere, should it be a mountain, its proximity to any par- 
ticular source of heat, such as a volcanic region in activity, and the 
different circulation of water amid its parts, either among fissures 
or through beds of rocks ol' variable porosity. 

We have seen (p. 291) that in the colder regions of the 
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northern hemisphere frozen ground may descend to very different 
depths. While in Siberia ice is still found at a depth of from 
300 to 400 feet, in the same latitude (62° N.) in America the 
frozen ground does not extend beneath 26 feet; so that very 
modified conditions must exist for the temperature of the two 
regions. While, however, this may be the case, it is interesting 
to find (note, p. 291) that the mineral accumulations passed 
through in Siberia show an increase of temperature downwards, 
so that, while at 75 feet beneath the surface it was 21^*2 (Fahren- 
heit), at 378 feet it was 31°'l. The circulation of water in mines 
can scarcely otherwise than produce modifications of an important 
kind as to the exact rate of increase of heat downwards, though the 
fact itself, in its generality, may be evident, since the excavation 
of the mine, and the necessity of keeping it clear of water while 
its works are in progress, will cause Avater to descend from the 
surface downwards, more or less bringing its first temperature with 
it, to the depths whence it is again raised to the surface.''^ In dis- 
tricts, such as those of mines often are, broken by numerous fis- 
sures, this introduction of surface water, continued for a long time, 
may produce very modifying influences. Still much may be ac- 
complished, with care, in mines, by selecting portions of rocks 
of the more solid kinds, and in situations where the temperature 
produced by the miners, their lights and their works, especially 
those carried on by blasting with gunpowder or gun-cotton, may 
cause the least amount of error in the needful experiments.t 


• In some mining districts, the descent of water from the surface downwards, and 
the stoppage of its progress upwards from depths beneath the mining operations, Iiavo 
been found so to intercept the outflow of the previous natural springs, as to be pr(»- 
ductivc of much inconvenience to the inhabitants, with respect to their supply of 
w'ater for household purposes. 

t M. Cordier, who has paid great attention to this subject, adopte<l the follo^^ing 
method of obtaining (he temperature of the rock itself, in certain coal mines in 
France. The thermometer was loosely rolled in seven turns of tissue-paper, closed 
at bottom, and tied by a string a little beneath the other extremity of the instrument, 
so that so much of the tube might be withdraw n as might be necessary for an observa- 
tion of the scale, w ithout fearing the contact of the air ; the w hole contained in a tin 
case. This was introduced into a hole from 24 to 26 inches in depth, and IJ inch in 
diameter, inclined at an angle of lO'’ or 1.5% so that the air, onc^ entered into the 
hole, could not be renewed, because cooler, and consequently heavier, than that of the 
levels or galleries. The thermometer w as kept as nearly as possible at the temperature 
of the rock, by first plunging it amid pieces of rock or coal freshly broken off, and by 
holding it a few seconds at the mouth of the hole, into w'hich it w’os afterwards shut, a 
strong stopper of paper closing the aperture. The thermometer usually remained in 
the hole a^ut an hour. — “ Kssai sur la Temperature de la Torre Memoires <ie 
rAcadamic, tom. vi. Other obBer\'ations have been mode on the tcm])crature of the 
rocks in mines in various ways, and among them, holes, a yard or more in depth, have 
been drilled in convenient situations, and the temperature ol>served for a given period, 
such as a year or more. 
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Artesian wells have been found very valuable in affording in- 
formation as to the temperature of the earth at different depths 
in certain localities, the bore-holes and the waters rising in them 
showing an increase of temperature with the depth. Though nu- 
merous experiments have been made upon the heat found at 
different depths in these wells, few have attracted more attention, 
from the care taken in conducting them, the kind of ground per- 
forated, and the depth of the well itself, than those at Grenelle, 
near Paris. The rcxjks traversed consist of succeasive beds of 
various kinds, a thick one of chalk being among the most prominent, 
and arc situated far distant from any volcanic vent or any known 
disturbing cause of that kind. After exhibiting an increase of 
temperature downwards, as the work proceeded, it was found by 
MM. Arago and Walfcrdin that when the well had reached the 
cretaceous clay known as the Gault y at the depth of 1,657 feet, the 
temperature was 7 9° *5 (Fahrenheit), and it became ST *7 lower 
down, at 1798 feet.* 

With respect to the temperature obtained in artesian wells, it is 
desimble that the mode of occurrence of the rocks of the district in 
which they may be situated should be carefully considered, so that 
the rise of’ thermal springs beneath the mineral accumulations 
traversed may not complicate the heat found. As, for example, 
should it happen that in a country affording a section similar to 
that beneath (fig. 160), a scries of nearly horizontal deposits c. 


Fig. 160. 



rests upon a previously-disturbed assemblage of beds, d, traversed 
by faults, e and /, formed prior to the accumulation of the upper 
beds, i, c, and that thermal waters rise through these faults, as 
they often do, and as previously noticed (p. 22), the ordinary 
supply of rain water entering at g, and passing to a lower porous 
bed c, the temperature of the earth at any artesiiin boring, situate 
at A, might, to a certain extent, be obtained, while another well 
sunk at i, being immediately near a supply of thermal water through 
the fault e, would give a more elevated temperature, the higher "in 

♦ It is calculated that, taking the constant temperature (53°) of the caves of the 
Paris Observatory, 91 § feet beneath the surface, these temperatures would give an 
increase in hcatat the rate of 1° centigrade (1°' 8 Fahrenheit), for 32*3 metres, nearly 
106 English feet (105 feet 11-659 inches). 

2 H 
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proportion to the volume and velocity (p. 22) with which the 
previously -suppressed ready out flow can nowmore freely find vent. 
Tills is by no means an unnecessary circumstance to be regarded, 
since in districts such as that of the neighbourhood of Bath, there 
IS evidence of faults, some of them of considerable size, having been 
formed anterior to the accumulation of the new red sandstone and 
oolitic series of that country, the surface of the fractured and con- 
torted rocks being covered by the nearly horizontal beds of these 
deposits, and as the thermal waters of Bath (116^^ Fahrenheit) 
appear to rise through one of the old fissures, a ready vent for them 
occurring tlirough the superincumbent beds, as at Z (fig. 160). 
The observer would do well to search in such suspected districts 
for the temperature of waters pouring abundantly through any 
faults as at k. And it is worthy of remark, that in the district 
above noticed, a thermal spring (temp. 74°) appears among the 
older broken and disturbed rocks at the Hotwells, Bristol. 

Regarding the temperature found at different depths in artesian 
wells, and the variations sometimes observed therein, it will have 
to be borne in mind that the different seams of rock whence water 
may be obtained, though not in sufficient abundance for the 
supply sought, will, from any different porosity in them, only 
permit waters to permeate or flow through them in such a manner 
that a given quantity can pass through each in a given time, thus 
influencing the circulation of any heat wliich they may carry with 
them from one part of a series of beds to another. If the following 
section (fig. 161) represent that of certain beds of rock traversed 
in sinking an artesian well, a, a being a clay, such as the London 
clay; b a porous bed of sand and gravel, gathering surface 
waters at c ; d chalk ; e sands receiving surface waters i’rom / ; 
g clay or marl, and i other sands or gravel gathering surface 
waters at A, we liave very different porosities of the beds 



which can permit water to pass somewhat freely through them. 
Upon perforating through these beds, as at w, their relative per- 
meability to water would influence the temperature in such an 
artesian well, a highly-porous bed, A, carrying its surface waters 
more readily to the well, to rise through it, than the chalk, (Z, 
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beneath ; as would probably also happen with the sands lower down 
at e. In all cases of this kind, an observer has to allow for the 
friction of the water through, and capillary action in the rock, 
which can only permit the circulation of this water according to 
needful conditions, so that it can only be delivered into the artesian 
well at a certain rate in each case.* In the section (fig. 161), a 
smaller well is represented as sunk at w, to the sands, e /, and on 
the bend of the beds, where, in consequence, the heated waters are 
more able freely to ascend, and be replaced by heavier and colder 
water, always supposing the whole to have a temperature above 
40 Fahrenheit. In this case it might be inferred that, from the 
greater facility of percolation from the surface, /, to the bottom of 
the well, n, on the one side, the water would produce a lower tem- 
perature in the rock through which it passed, than in the same bed 
of rock at m. At o and p, part of the curves of two porous, inter- 
stratified with less permeable beds, h are represented, (forming 
thus, as it were, flat pipes,) for the purpose of showing that, if tlie 
curve were continued downwards on the left, water percolating in 
them, heated beneath, and not easily escaping upwards, might 
possess a somewhat higher temperature than at the same depths 
from the surface in the adjoining beds, (supposed, for illustration, 
to be equally porous,) not having the same facilities oflFered for 
obtaining, by circulation according to temperature and densities, 
colder waters from above. 

To wliatever extent water, permeating amid rocks, may modify 
their temperature, the greatest density of water will have its 
influence. In all regions where the annual temperature is such as to 
exceed that of the greatest density, however the surface, and 
corresponding depths beneath, may be acted upon, after 60 or 80 
feet, the hotter waters would tend to rise and the colder to descend. 
In those, however, where the temperature is such that the water 
takes a contrary course, instead of cool waters descending to modify 
any heat which the containing rock might otlierwise possess, they 
would ascend. For example, in the Siberian shaft (p. 291), 
descending beneath the 378 feet at which a tempemture of 31^*1 
was obtained, and allowing the same rate of* increase as was found 


• It is often practically found, in borings for common wells, that the relative 
porosity of the rock or rocks traversed, and the consequent possible delivery of water 
into them, have not been sufficiently regarded. Though certain loose sands and 
gravels may afford a volume of water considered most abundant, so far as the supply 
sought is regarded, rocks generally are but filters of various degrees of porosity, 
and only capable of permitting Water to pass through them in a g^ven quantity 
and time. 

2h2 
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from the depth of 75 feet, namely, about 1^ (Fahrenheit) for each 
30 feet,* it would only be at a depth of* about 630 feet that water 
at 39°*5 (Falirenheit) would be found. 

As to the springs which rise from fissures, such as those above 
mentioned (p. 465), a lower temperature, without due precaution, 
will often be obtained than should be assigned them, even sup- 
posing that the waters, as they flow upwards from various depths, 
lose much of their original temperature, and acquire that of the 
rocks amid which they rise.f The heat of ordinary springs has 
also to be carefully considered with reference to the kind and mode 
of occurrence of the hard rocks or less coherent accumulations of 
matter whence they issue. If we suppose a in the following 
section (fig. 162) to be a porous sandstone, resting upon a bed of 


Fig. 1G2. 
a 



t 

clay, hh\ the rain-waters, absorbed by the former, arc prevented 
from permeating downwards by the latter, so that the water not 
retained amid the sandstone, issues as springs, on the side of* the 
hill, at the top of the subjacent clay. Should another sandstone, 
or any other rock, through which water may readily percolate, c c\ 
occur beneath the clay, this porous stratum also based upon an 
impervous bed, d d\ the atmospheric waters, witli any water 
derived from the springs above and absorbed by the lower porous 
rock, could alone find a natural outflow, as springs, on the side of* 
the hill d t ; while in the opposite direction, d' they would 
saturate that portion of the bed, laterally aiding, by their super- 
abundance, if we infer the necdf’ul facility of* passage, the springs 
between e d. The dotted line t t\ representing any depth be- 
neath which an uniform temperature is preserved throughout the 
year, should water percolate slowly to the surface, there would l)c 
— all other things being equal — a tendency between a and f , and 
c and d, on the one side, and a and V on the other, to have springs 
issue with nearly equal temperatures. At w, also, if a well be 
sunk, the temperature of the water being within the depth of 

♦ Tbig rate of increase of temperature veiy nearly coincides witli that obtained at 
Crenelle, namely, P'S (Fahrenheit) for 53 feet. 

t It ii commonly needful to clear away the ground, so that a thermometer may he 
plunged in the water where it rises amid the rocks tliemselves. And this is cs))ecially 
necessary when the volume of water is far from considerable, and hows away slow ly. 
Those thermometers in which the bulb and a portion of the glass project beyond the 
scales, when handled carefully, will bo fouml the most useful instruments. 
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variable temperature, we should expect it to be much of the same 
kind, the supply being derived laterally from the same reservoir 
which supplied the springs between e and cZ, and the impervous 
bed d (impervious so far as regards the ready passage of water 
through it) preventing appreciable communication with, and cir- 
culation of, waters of* a higher temperature beneath. Should 
waters find their way, as springs, by means of joints or fissures, 
from the reservoirs in both porous beds, a and c d, beneath the 
line of variable temperature, more rapidly in some places than in 
others — or the beds themselves differ materially in the facility with 
which water can pass through — variations may be expected, im- 
portant or not, according to circumstances, in the temperature of 
springs issuing from them. All other things being equal, the lower 
reservoir — assuming that the temperature increases from the sur- 
face downwards— would be expected to supply the water with the 
more elevated temperature. It becomes needful, therefore, that 
after other conditions have been ascertained, the quantity of water 
delivered by a spring in a given time, and the rapidity with w'hich 
it flows, should be duly regarded. 

With respect to the temperatures of those waters which, in lime- 
stone districts especially, rush out, often in considerable volume and 
with much force, from subterranean channels, and wliich result 
from the loss of many minor streams and of rain-water amid fissures 
and cavernous rocks, they may be often very deceptive. Should 
the waters have been absorbed partly as streams, previously ex- 
posed to the temperature of the climate of the region, and partly 
derived from slow percolation through chinks, joints, and the minor 
\;avernous structure of the rock, a mixed heat would follow, afford- 
ing no correct data as to the temperature of the subterranean chan- 
nels through which the waters have passed. When, also, the whole 
is derived from the absorption of atmospheric waters by channels of 
various kinds, the rapidity of passage of the waters downwards to 
the great drainage stream, and the differences in this i*espect have 
to be considered, as also the chances, not uncommon in some dis- 
tricts, that great fissure waters, derived from considerable depths, 
may not be mingled with the general volume of those discharged. 
Hence much care is required in investigating the tcrnjxjratures of 
waters thus discharged, however desirable it may be that they 
should be properly ascertained. 

While on the one hand the observer has to regard the adjustment 
of water, permeating amid the fissures and joints, or the mass of 
rocks, to its greatest density, and the variable meclxanical manner 
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in which this may be effected, he has also to consider the depths at 
which water itself may cease to exist ; assuming the increase of 
temperature from tlie surface downwards, whatever its rate, locally 
or generally, to be certain, as the general evidence would lead us to 
believe. Should it be inferred that the rate of increase of heat 
usually supposed probable, namely 1° Fahrenheit for each 50 to 
60 feet, is too great, and that sufficient information as to this rate has 
not yet been obtained, if we take only 1° for every 100 feet, we .still 
seem to obtain a comparatively minor depth, allowing for increase of 
pressure from the superincumbent water, with the friction on the 
sides of any fissures, for that portion of the earth’s crust in which 
water may be considered to circulate under the most favourable con- 
ditions. Taking the ordinary mode of calculation, allowing for pres- 
sure at increased depths, and assuming every facility of movement 
of the waters in a fissure, it may be estimated that at a comparatively 
moderate depth steam would be found instead of water. 

Waters in fissures, rushing upwards with a rapid rate of outflow 
and in considerable volume may (as noticed p. 19) bring with them 
a greater temperature than those finding their way upwards with less 
velocity and in smaller quantity, the one heating the waters com- 
municating with them laterally in their course upwards, beyond 
tlie temperature due to the containing rocks themselves, and the 
ordinary percolation of water through them ; the others being 
cooled by these lateral waters. In certain district®, such as those 
where volcanic fires have once fimnd vent, and which may be now 
concealed by various overspreading aqueous accumulations, there 
may be influences of this kind much modifying the exact depths at 
wliich certain tem|x;ratures would otherwi.se found. Mo doubt,* 
supposing a general source of heat to exist in the earth governing the 
outer temperature of its crust on the great scale, these would be 
merely local variations, yet, when endeavouring to ascertain tlic 
distribution of heat in the glolx’, all such variati(ms require attention, 
so that the disturbmg eircumsUmces may lx- duly separated from the 
essential causes of the increase of heat downwards from its .surface. 
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ABLE EFFECTS OF SURMERGENOE OF PRESENT DRY LAND. 

The observer, having well considered the manner in which the 
accumulations of mineral matter are at present eflFected, chemically 
and mechanically, through the agency of water, as also the mode in 
which the remains of animal and vegetable life may be entombed 
UmiA such accumulations, has to study th(‘ v arious layers, beds, or 
other forms of mineral substances formed by ip[ueous means, and in 
which organic remains are more or less distributed in various parts 
of the world. In one respect he has an advantage over his previous 
investigations, inasmuch as while he could tlien often only infer 
that which takes place beneath seas and lakes, he has in these rocks 
frequent opportunities of obtaining direct evuh'iice of that which 
actually occurred beneath them, the large proport i(m c>f‘ these beds 
being the bottoms of various seas or bodies of fresh water, deposited 
over each other, and subjected to variation from local causes. 

Inasmuch as the dry land of the world is thus little else than the 
bottoms of seas and lakes, intermixed with igneous matter vomited 
upwards at different times from beneath the surface of the earth, 
some of the latter spread at once on this surface, at other times 
only laid bare by the removal of superincumbent deposits, the 
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observer will have to dismiss from his mind the existing dry lands 
and waters of the world and substitute such other distributions of 
them as may best accord with the evidence which, from time to time, 
he will obtain. No matter how highly raised into mountains, or 
slightly elevated in plains, these ancient bottoms of oceans, seas, 
and bodies of fresh water may now be, they did not constitute dry 
land when formed, and consequently waters once occupied the areas 
where they now occur. We have seen that, to produce detrital ac- 
cumulations, certain conditions of dry land are needed, whence their 
component parts have to be derived ; and, therefore, to form the 
ancient sea-bottoms of any given time, dry land appears required 
out of an area so circumstanced, and yet so near to it as to afford 
the materials found. Considerations of this kind demand an en- 
larged view of the physical geography of different geological times, 
and such a disregard of the existing distribution of land and water 
that while all due weight is allowed for the employment of a given 
amount of mineral matter, over certain large areas, in the produc- 
tion of detrital accumulations of different dates — the wearing away 
of one portion raised above the ocean presenting materials for an 
equal and subsequent deposit beneath it in an adjacent situation ; 
and consequently, that oscillations in the relative levels of the ex- 
isting areas of our present continents may keep such matter much 
in one large area, the mind of the observer must not be too much 
occupied by the present arrangements of land and water on the 
surface of the earth. 

Wliile evidence is sought amid detrital or fosslliferous accumu- 
lations, of the mode in which the mineral matter of rocks has been 
chemically or mechanhially gathered together, and the observer 
endeavours to trace among them former beaches, estuaries, bays, 
promontories, shallow and deep seas, fresh-water lakes, and the 
other modifications of water around and amid dry land, he has at 
the same time most carefully to study the mode of occurrence of 
any organic remains found in these accumulations. He will have 
to see if there be evidence that the animals or plants lived and died 
in or upon the beds where their remains are now found ; or 
whether, af'ter death, such remains were drifted into these situa- 
tions. He will also have most carefully to refer to the distribution 
of the animals and plants existing at any given geological time, 
according to conditions, regarding that distribution as well on the 
large scale as with respect to any minor area. 

With respect to the class of rocks usually named fossiliferaus, 
this term has to be regarded in an extended sense. It is by no 
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means required that the various beds composing any pven series 
of sea-bottoms, should all contain organic remains in certain 
localities. Frequently, as in the subjoined sketch (fig. 163), 
representing a series of beds of rock, ah c d and e, exposed on a 
cliff, one of them only, such as cZ, may contain them, the others 

Fig. 163. 


a 
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not affording any animal or vegetable exuviae. These beds are not, 
however, the less interesting on that account, inasmuch as some 
cause for this difference may present itself by diligent investigation, 
of importance as bearing upon the conditions, or their modifica- 
tions, under which the whole series may have been formed. 
Should the beds be of different substances — as, for example, should 
a h and e be formed of sands of different kinds consolidated, as 
hereafter to be noticed, into sandstones ; c, of gravels now hardened 
into a conglomerate ; and d be composed of mud, now constituting 
a shale; the mode of accumulation of the non-fossiliferous beds 
have to be studied, as well on the small as large scale ; and this 
•study may tend to show how it probably occurred that the mud 
contained the remains of life, which has existed on or in this sea- 
bottom of the time, while no such remains are found in the sands 
and gravel. 

Some rocks are only seen to be fossiliferous at rare intervals, a 
depth of perhaps only two or three inches affording organic 
remains, these occurring amid a great mass ol' mud, silt, and sand, 
as, for example, among the lower of the oldest fossiliferous deposits, 
the Silurian, — a class of rocks for the due appreciation and know- 
ledge of which geologists stand so much indebted to Sir Eoderick 
Murchison. In certain parts of this series, as developed in the 
British Islands, there are hundreds of feet in depth, in some 
localities, where no trace of an organic remain is foimd, and then a 
thin seam, replete with the remains of animal life, may be seen, 
showing that the portion of the sea-bottom which it represents was 
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a mere thin sheet of little else than the crustaceans, molluscs, and 
corals of the time— partly, perhaps, living, partly dead, or all in 
one state or the other. Nevertheless, the whole series of deposits 
of which such seams constitute a portion (forming, as it were, rare 
streaks in the general mass), is the section of a certain minor area 
in the sea-bottoms of the time and locality, wherein the fitting 
conditions for the development of the germs and subsequent 
existence of the perfect animals occasionally presented themselves. 
The probable cause for this distribution and mode of occurrence 
has to be sought and well considered ; and herein the non-fossili- 
ferous portion of the general mass becomes important for the solu- 
tion of the problem. 

At other times very variable kinds of beds are all full of organic 
remains, as, for example, in such a section as that beneath (fig. 164), 

Fig. 164. 



where a cliff may afford a view of the various sea-bottoms which 
have succeeded each other in that locality, when tlie whole was* 
beneath water. If, for illustration, a be a calcareo-siliccous sand- 
stone ; A, a coarser-grained siliceous sandstone ; c, a marl or clay ; 
and d, a fine argillo-siliceous sandstone ; then, so far as the section 
extends, a silty bottom was first formed, to which succeeded mud, 
which in its turn was covered by siliceous sand ; over which, as 
the general accumulation proceeded, a finer sand, with the addition 
of calcareous matter, was deposited. There is here evidence that 
the physical conditions affecting the area wherein tliesc deposits 
were effected must have been modified or changed, and an observer 
would in consequence search for that showing how far any modifi- 
cation or change in the animal life, the remains of which are 
detected in the various beds, may have been contemporaneously 
produced. 

In seeking the boundaries of any ancient land which may have 
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furnished the mud, silt, sand, and gravels of accumulations around 
it, of’ whatever geological date the one or the other may be, it 
becomes evidently important to look fbr traces of ancient beaches, 
inasmuch as these show the actual margins of* the seas of the time. 
From the desire at present manifested of following out investiga- 
tions of this order, such beaches have been more frequently detected 
than might at one time have been expected. From the researches 
of Professor Earnsay it has been ascertained that during the deposit 
of the Silurian rocks of Wales and Shropshire, there was a time 
when the older accumulations, now forming the district of the 
Longmynds, rose above the sea, and were bounded by beaches; 
wliile a part of the Silurian series, named the Caradoc sandstones, 
was being deposited adjacent to them.* Again, in the Malvern 
district, the labours of Professor Jolm Phillips have shown that 
at about the same geological date, a portion of the syenites of the 
Malvern hills must have been above the sea ; a beach deposit, in 
which there are angular fragments of the pre-existing rocks, 
occurring at the Sugar-loaf Hill, on their western flank.f In both 
cases organic remains are detected mingled with the shore accumu- 
lations, and Professor Edward Forbes considers that those which he 
has examined in the Lf ngmynd district are of a coast character.^ 
These may not be among the oldest beach and littoral deposits in 
the British Islands, inasmuch as where conglomerates are found 
among the beds of the Cambrian rocks near Bangor, North Wales, 
such may also have constituted the shores of still more ancient 
lands, furnishing the materials for these conglomerates. 

In the ascending series of fossiliferous rocks, the materials of 
.which were furnished at succeeding geokgical times, the like kind 
of evidence, if carefully sought for, is to be obtained in many 
localities. To take the old red sandstone series, as shown in the 
British Islands, while part of it may merely constitute a portion of 
deposits formed one after the other beneath the waters of a sea, as 
in Devonshire, other parts point to a littoral origin. This may be 
well inferred i’rom the mode of occurrence of the old red sandstone 
series in parts of Ireland, North Wales, and Scotland, where 
shingles of various sizes, sometimes large, are arranged around 
masses of older rocks, and follow many sinuosities of the more 
ancient land against which they were piled. • Portions of the older 
land of the time have sometimes an insular character, as, for exam- 


* “ .luurnal of the Geological Society of London,” vol. iv., p. 294. 
f “ Memoirs of the Geological Survey of Great Britain,” vol. ii., p. 67. 
j Journal of the Geological Society of London,” vol. iv., p. 297. 
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pie, in the county Kildare in Ireland, where the range of heights, 
chiefly known, from one of them, as that of* the Chair of Kildare, 
seems to have risen above the sea of the time, its rocks furnishing 
materials for the shingle on its shores, the whole having been sub- 
sequently covered, or nearly so, by the calcareous deposit known 
as the carboniferous limestone. The removal or denudation of this 
limestone (in its turn furnishing an abundance of the shingles or 
gravel at other and later geological times) has in a great measure 
disclosed this arrangement of parts, and left the range of the Cliair 
of Kildare, even now rising like an island above a level district. 

Quitting these more ancient accumulations, and still not passing 
beyond the area of the British Islands, in order to show how much 
of this kind of observation may be carried out in such a minor 
portion of the earth's surface, we again find marked evidences of 
beaches at the time commonly known as that of the new red sand- 
stone series, one in these islands following much new adjustment in 
the relative distribution of land and water, by which the f'ormer 
bottoms of seas and of fresh- water deposits were Irregularly upraised. 
In South-western England and in South Wales, the beaches of* this 
time, though they are by no means absent or indistinct in many 
other districts, are particularly well exhibited. 

Among the Mendip Hills (Somerset), in various parts of Glou- 
cestershire, Monmouthshire, and in Glamorganshire, we have, from 
the removal of subsequent accumulations by denuding causes, 
e\idence of ancient shores, as is the case near the Cliair of Kildare, 
though the latter are of earlier geological date. As at the latter 
also, from a repetition of similar causes, we seem to have islands 
with their beaches before us, much as they existed at this sub-* 
sequent time. In investigations of this kind it sometimes happens 
that sections are presented, or information obtained, justifying the 
construction of sections, by which it is shown that, during the 
submergence of the dry land, while the mud, silt, sand, and shingles 
were accumulating along the shores and the islands of the time, 
beach after beach, became buried up, a long wide-spread patch of 
shingles covering some subjacent ground, as it gradually sank 
beneath the sea level of the period. The subjoined sections (figs. 
165, 166) of the ancient island of old red sandstone and car- 
boniferous limestone of the Mendip Hills, and also of another 
island of a somewhat similar character, one of several in the 
vicinity of* Bristol, may serve to show this circumstance ; as also 
how shingles of the same general character, and derived from 
subjacent or adjoining rocks, under similar general circumstances. 
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may be accumulated as a beach, on sloping ground, during the 
lapse of much geological time, while the dry land of a particular 
locality became gradually submerged beneath the sea. Both 

Fig. 165. 



a, a, a, disturbed beds of carboniferous limestone ; ft, ft, conglomerate of pebbles 
derived from the 8ubja<;ent or adjoining rocks, cemented by magnesio-calcarcous 
matter; c, red marls; d, df, line showing how denudation might cause successive 
accumulations to appear as of one time. 

sections exhibit the beaches, usually composed of shingles of car- 
boniferous limestone, now cemented by magnesio-calcareous matter, 
jutting, as it were, into the red mud of the time, (now red marls,) 
having extended over one portion of it, during the submergence, 
and having been covered by another as this proceeded. One 
section (fig. 165) shows only the accumulation of the red mud 
(marl), while the other (fig. 166) exhibits a subsequently-formed 
deposit of dark mud, sometimes calcareous, alternating with an 
argillaceous limestone, together known as the lias. In the red 


Fig. 166. 



a, a, beds of disturbed carboniferous limestone ; 6, ft, conglomerate of pebbles 
derived from the subjacent or adjoining rocks, cemented by magnesio-calcareous 
matter ; c, red marl ; lias ; B, Blaize Castle Hill, near Bristol ; s. Mount Skitham. 

mud no traces of a marine organic remain have been detected in 
^hat district, though more northerly streaks of them are found ; 
but even supposing some rare organic remains may hereafter be 
discovered, there is still evidence of a beach resting on a - coast, 
this beach thrown up by seas during a period when the dry land 
was becoming gradually submerged, and a change was effecting in 
the existing conditions, so that the adjacent sea was no longer 
without animal life, or at least only contained a small portion of 
that affording harder parts for preservation amid the deposits of 
the time, but swarmed with molluscs, fish, and reptiles. The 
manner in which the filling up was effected is well shown in 
the section near Blaize Castle (fig. 166), though evidence of this 
kind is to be found as well elsewhere; one patch of lias (c?, the 
right of the figure) nearly reaching over the old beach, as it 
actually does at no great distance on the westward, where it covers 
up the carboniferous limestone on the margin of the coal-field from 



1. Old Red Sandstone. 

2. CarlxMiiferous LimcsUjne. 

3. CkMil Measures. 

4. Dolomitic Conglomerate.. 

6. Kew Red Marl and Sand- 

stone. 

C. lias 

7. Inferior Oolite. 

8. Alluvial. 
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Redland, near Bristol, to Alverston, on the north. It will be 
perceived that if the denuding causes, which have removed so 
much of the deposits of a later geological date than these old 
shingle beaches, had carried off all traces of them in the section 
near Compton Martin, Mendip Hills (fig. 165), so that a surface 
corresponding with the line d d, had only been exposed, there 
would have been great difficulty in assigning the different parts 
of this shingle (now conglomerate) covering to their relative 
geological dates ; though, with the old mud and sands outside of 
them, deposited at successive times, the relative date of the parts 
is sufficiently obvious. 

While on the subject of this district, it may not be uninstructive, 
as it is one fertile in information, within so very small an area, to 
call attention to the successive coatings of fbssiliferous accu- 
mulations as they followed one another, each spreading over a 
part of a preceding deposit, as the dry land of the Mendip Hills 
and adjacent country sank, and as it would appear, gradually, 
beneath the sea. For this purpose the accompanying map (fig. 
167) may be useful. In it the different deposits represented 
consist, in the ascending series, of (1) old red sandstone ; (2) car- 
boniferous or mountain limestone ; (3) coal measures ; (4) dolomitic 
or calcareo-magnesian conglomerate and limestone ; (5) the new 
red sandstone and marl ; (6) lias ; (7) inferior oolite, and others of 
the lower part of the series, known as the oolitic or Jurassic ; and 
(8) alluvial accumulations, deposits from branches of the adjacent 
British Channel, where these found their way amid the sinuosities 
of the land, often covering a plain whereon forests once grew, at a 
Jiigher relative level of sea and land than now exists, the outcrops 
of these sheets of concealed vegetable matter and trees forming the 
submarine forests” of Stolford and other places on the present 
coast (p. 448).* 

The darkly-dotted patches in the map (conglomerates, 4) will 
serve to show the mode of occurrence of the l)eaches surrounding 


* The names of the various places marked by crosses and letters in the map 
(fig. 167) are as follow:— a, Tickenham; h, Nnilsea; c, Chelvey; </, Brockley; 
c, Kingston Seymour;/, Wrington ; g, Nempnet; A, Congresbury; /, Banwell ; 
jn, Locking; n, Bleadon ; o, Lympsham ; />, Burington ; g, Compton Martin; r, Hinton 
Blewet; «, East Harptree; t, Lilton; r, Chew Stoke; x, Chew Magna; y, Stowey; 
a\ Shipham; ft', Biddesham ; c', Badgworth; d\ Wcare; e', Axbridge; /', Chapel 
Allerton; y', Chedder; h\ Priddy; T, Binegar; k\ Chewton Mendip; Wedmore; 
»n', Radstock; Kilmersdon; o', Draycot ; //, Stoke Rodney; g', Westbury; 
r', Wookey; Hinder; t\ Crosscombe; North Wooton; w\ W’^ells; x', Shepton 
Mallet; y', Downhead; z\ Mells; a", Elm; ft", Whatley; c", Nunney; Cloford ; 
e", East Cranmore ; and/", Chesterblade. 
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the older rocks of the Mendip Hills, and an adjoining portion of 
country near Wrington,/. Although, from the travelling upwards 
of continuous portions of these beaches during the gradual sub- 
mergence of the dryland, and the subsequent wearing of the rocks, 
including all in the district, up to the time of its alluvial plains 
inclusive, they may not give the exact representation of the 
beaches of one time, they will still serve to show the manner in 
which they were accumulated round this old portion of dry land. 
Taken in connexion with similar facts observable even so near as 
Gloucestershire and Glamorganshire,* and looking at the size of 
the rounded fragments sometimes found in them, the effects of 
considerable breaker action is observable on the shingles, and they 
seem to have been well piled up at the bottom of old bays and 
other localities where favourable conditions for their production 
existed. The following section (fig. 168 ) will show one of these 


Fig. 168. 



a, fl, limestone, intermingled with sandstones and marls, of the upper part of the 
carboniferous limestone series of the district, brought in by a large fault, on the N.W. 
of the Windmill Hill, Clifton ; i, boulders and pebbles, in part subangular, of the sub- 
jacent rocks, cemented by matter in part calcareo-magnesian, variably consolidated ; 
c, conglomerate or breccia, in which the magnesio-calcareous matter is more abumlant, 
becoming more so at d, where it further assumes the character of the more pure 
dolomitic limestone in which pebbles and fragments do not occur. 

ancient beaches facing the gorge of the Avon, near Clifton, Bristol, 
in a depression between Durdham Down and Clifton Hill, in which 
some of the rounded portions of the subjacent rixjk cannot be much 
less than two tons in weight, requiring no slight force of breaker 
action to move them and heap them up as now seen. 

The submergence of this dry land continuing while geological 
changes were being effected over a wide area, (in which this 
district occurred as a mere point,) and so that, without reference 
to the modifications of deposits produced elsewhere, the red sedi- 
ment of the seas near the shores of the land, then above water in 
the area of the British Islands, was succeeded by others in and 
above which animal life swarmed, the beaches moved upwards on 

See the Geological Map, “ Memoirs of the Geological Survey of Great Britain,” 
voL i«, pi. 2, in which a large area occupied by accumulations of this class and time 
will be found represented. 
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the slopes of adjacent rocks. Thus the rolled pebbles of the latter, 
and of the cliffs of the time, were occasionally intermingled with 
the remains of the animal life then existing. Near Shepton Mallet 
{x\ in the map, fig. 167), where the lias (6) rests both on the old 
red sandstone (1), and the carboniferous limestone (2), there is 
much of this old shingle (now conglomerate).* The following 
(fig. 169) is a section, exhibited close to Shepton Mallet, on the Bath 
road, wherein a line of pebbles (J) is strewed over the previously 
upturned edges of supporting carboniferous limestone (a, a), and 
constitutes a continuation of some more arenaceous and pebble 
beds, presenting much the appearance of* a shore, not far distant.! 

Fig. 169. 


c 



The lias at c, covering this pebble or shingle bed, has been thrown 
down (as it is termed) by a dislocation, or fault /, so that beds 
above that at <?, are seen at c?, d, d, the latter again broken through 
by a dislocation at and the whole surface of the hill being so 
smoothed off by denuding causes, that a gently-sloping plane is 
alone seen. Before we quit this section, it may be mentioned, that 
an observer in search of the different conditions under which fossi- 
liferous deposits may have accumulated will here see that much 
less mud must have been mixed with the calcareous matter of the 
tas than is usual in the district, and whic.li is to be found not far 
distant from this locality. The lias limestone beds (d, d, d) are 
here thick, for the most part, and in purity more resemble the car- 
boniferous limestone (a, a) on which they rest, showing a cleaner 
state of the sea where they were formed than in those areas over 
which the usual mud, and muddy and silty limestones of the lias 
were accumulated. Coupled with the evidence of l}eaches, tliis 
greater freedom from mud would seem to point to the greater 
proximity of a shore with minor depths of sea, near and at whicli 
the waters were generally more disturbed, so that the lighter sub- 

* These conglomerates, which are abundant, and wherein tlie pebbles are chiefly 
derived from the adjacent carboniferous limejstone, have been long since pointed out 
by Dr. Buckland and the Rev. W. Conybeare (1824), “ Observations on the South- 
Western Coal District of England Geological Transactions, 2nd series, vol. i., 
p. 294. 

t This was well seen further up the road, in 1815, at which time some new cuttinga 
were in progress. 



482 


LIAS RESTING ON DISTURBED 


[Ch. XXVI. 


stances being readily held in mechanical suspension, they were 
easily moved away by tides and currents to more fitting situations 
for deposit. 

This character of a less muddy condition of the lias is by no 
means confined to the vicinity of Shepton Mallet ; it is to be seen 
in several places in that part of England and South Wales. It is 
well shown in parts of Glamorganshire, where, indeed, as in the 
vicinity of Merthyr Mawr care is required not to confound some of 
the lias with the carboniferous limestone to which it there bears no 
inconsiderable mineralogical resemblance. Here, again, the observer 
finds this character in connexion with old conglomerates, resem- 
bling beach accumulations of the time of* the lias, pointing to the 
probable proximity of dry land, such as may be readily inferred to 
have then existed in the great coal district on the north of it, even 
now, after so much abrasion, during depressions and elevations 
beneath and above the sea during a long lapse of geological time, 
rising high above these deposits. In the same neighbourhood 
(Dunraven) there is also good evidence of the lias reposing upon a 
clean surface of carboniferous limestone, as will be seen in the an- 
nexed sketch (fig. 171) and in the subjoined section (fig. 170), 

Fig. 170. 



. « , / / 
wherein a represents disturbed strata of the latter, and b beds of‘ 

the former, resting on their edges. In the section (fig. 170) the 
lower beds (5) of the lias are light-coloured, and contain fragments 
from the subjacent carboniferous limestone, these succeeded by 
argillaceous grey limestones at c. /, f are dislocations or faults, 
traversing the beds. In this case, though an observer might sus- 
pect the vicinity of a coast from the fragments in the lower lias, 
he would desire further evidence, and by search he would find. 

Fig. 172. 

- - — - i 



round the point ri, in the sketch (fig. 171), a conglomerate (5, i, 
fig. 172), reminding him'of a beach interposed, to a certain extent 
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and level, between the beds of lias (d, d) and a worn slope of sup- 
porting carboniferous limestone beds (a, a), which here, from a 
local curvature are brought into a horizontal position. At in 
this section, the whitish variety of the lias of the district is found 
in a great measure free from muddy admixture. It is even oc- 
casionally dolomitic, and somewhat crystalline in this vicinity.* 
Returning to the minor area of the Mendip Hills for evidence 
respecting the dry land and shores of the locality and period, we 
find, as the land became more and more depressed beneath the sea, 
that the lias, as it were, crept up the sides of the steeper shores, 
accumulating more muddy matter outwards, depressions being 
filled up, sometimes even on the shores when sufficient tranquillity 
permitted such a deposit, fine sediment accumulating above fine 
sediment, so that there was a kind of passage of the lias into the 
fine red marls beneath (fig. 173).t 

Fig. 173. 



a, gray lias limestone and marls ; earthy whitish limestone and marls ; r, earthy 
white lias limestone ; d, arenaceous limestone; <?, gray marls; g, red marls; A, sand- 
stone, with calcareous cement ; t, blue marl ; red marl ; /, blue marl ; and m, red 
marls. 

The observer next finds limestone beds (7), known as the m- 
ferior oolite, resting (map, fig. 167) from Cranmore (e''), on the 
south, to Mells (zf) on the north, upon various older accumula- 
tions ; old red sandstone (1), carboniferous limestone (2), coal 
measures (3), and lias (6), passing over the nearly-horizontal beds 
of the latter as well as the variously-curved beds of the three 
former. The remains of animals of marine character show that 
this accumulation was effected in a sea, and therefore, that the 
depression of the land above mentioned had continued ; but, as no 
distinct beaches have yet been discovered in connexion with this 


* Part of these lower beds of the lias of the district is known at Sutton Stone, and 
has been employed for architectural purposes during many centuries, being well fitted 
for them. 

t The section selected is from the vicinity of Shepton Mallet, reference to which 
has been previously made in the text, p. 481. 




Ch. XXVI.] BORING MOLLUSCS OP THE INFERIOR OOLITE. 485 

calcareous deposit, the probable boundaries between the sea and 
the land are not so apparent. The whole of the Mendlp Hills 
may have been beneath the waters, though the relative levels of 
the different parts of the general masses of rock, notwithstanding 
the changes in these levels produced by various dislocations, 
effected during a long lapse of geological time, would lead us to 
infer that portions of dry land may still here and there have 
risen above the sea in that minor area. Be this as it may, when 
this overspread of calcareous matter (inferior oolite) took place, 
passing over the old margin of the lias, there were bare patches of 
carboniferous limestone (2) in the sea, and into these the boring 
animals of the time burrowed. Their remains are now found in 
the holes worked by them ; and when good surfaces are exposed, 
an observer might imagine himself walking on limestone rocks, 
dry at low tides, in which the lithodomous molluscs of the present 
day were in the cells hollowed out by them. Not only are these 
old surfaces thus bored by the rock-burrowing molluscs of that 
period (the time of the inferior oolite deposit), but here and there 
— as, for example, near Nunney (c ")^ — the oysters of the same 
date are still found adhering to the bare limestone submarine sur- 
faces of the time. There may be doubts as to the depths at which 
the boring molluscs worked, and the oysters adhered to those bare 
carboniferous limestone rocks ; the whole of the dry land may, as 
before mentioned, have been then under water ; but while the 
observer thus loses his traces of dry land, he has evidence that it 
still continued to descend, so that, at least, the movement in that 
direction had not ceased. 

• The following section (fig. 174) will serve to illustrate the 


Fig. 174. 



manner in which the older beaches (d, m) were overlapped, as it 
is termed, by the inferior oolite (g, n). The sands, commonly 
known as the inferior oolite sands (/), separating the calcareous 
beds of the inferior oolite from the lias (e), including in the latter 
the upper beds of that rock termed the marlstone (an accumulation 
replete with organic remains), is also overlapped, a a is carboni- 
ferous limestone, b its lower shales, and c old red sandstone, all 
moved prior to the deposit of the other beds. A Z is the clay 
known as Fuller’s earth, i its limestone. 
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With regard to the mode of occurrence of the inferior oolite (7, 
map, fig, 167), the annexed sketch, taken near Krome, on the 
road to Mells, will show not only the manner in which it (a) 


Fig. 175. 



frequently rests on subjacent carboniferous limestone (c), but also 
the veiy even surface which the latter often presents over com- 
paratively large areas in that vicinity. These surfaces are usually 
drilled not only by the large boring mollusc of the time, occasionally 
found in their holes, as shown beneath («, fig. 176), but also, in a 


Fig. 176. 



a 


more tortuous manner, by another animal, sections of' the holes 
made by which are seen at 5, b. At b (fig. 175) there is a somewhat 
arenaceous parting, covering over the bored surface of the lime- 
stone, an introduction of matter which may have served to render 
that surface no longer fitted for the habitation of the lithodornous 
animals. 

To mark the date of* these borings still more perfectly, the same 
vicinity fortunately presents us with evidence (fig. 177) of a 
portion of the shingle (a), accumulated at the time of the lias 
(organic remains characteristic of that deposit as it occurs in the 
vicinity being found in it), having been consolidated and planed 
down, by denuding causes, to the same level with the carboniferous 
limestone, b, b, in a cleft of which it occurs, and having been bored 
by the same marine animals anterior to the deposit of the inferior 
oolite, Cf c. Still further affording the observer relative dates for 
these perforations, he will find that the beds of the inferior oolite 
itself are thus bored, and by the same kinds of animals, as ean be 
at the quarries of* Doulting, on the south of the Mendips, and 
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near Ainmersdown, on the north, where, as the beds became 
successively consolidated, they alForded the needful conditions, on 




their upper surfaces, for the existence of these marine animals, 
requiring shelter in hard rocks. 

Assuming, for illustration, that the older rocks of this small 
district became totally submerged at this time, the geologist will, 
as it were, have traced the state ol‘ a minor area from one where 
there may have been diy land intermixed with sea, to another 
where the latter overspread all traces of the former. What may 
thus be done on the small scale can sometimes be readily effected 
over areas of far wider extent. It can be so, with care, over much 
of the British Islands, as respects the probable intermixture of land 
• and sea, at the time of‘ the accumulation of the new red sandstone 
series. To a certain extent the study of any general geological 
map of these islands will show this, though not altogether, since 
denuding causes have sometimes so acted as to remove these rocks 
and subsequent deposits from localities which would, judging 
from the mode of occurrence of the ri»cks in them, have been 
beneath the waters at the time that other portions of these beds 
were formed.* 

* It becomes extremely interesting to consider the wide-spread distribution, over a 
portion of Western Europe, of the conditions prevalent at the period when the marls 
(termed new red sandstone marls, upper trias marls, marnes irisees, and keuper) 
ceased to be thrown down on the sea-bottom of the time with such a common 
character, and the mud, and calcareous mud of a succeeding accumulation, the lias, 
also occurred over much of the same area with its common character, carefully looking 
for the probable lands whence the needful mineral supply was derived, and around 
or on which the terrestrial plants, insects, flying, coast, and oviparous reptiles, 
including the marine animals whose preserved hard portions correspond with Uttoral 
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Extending his views, it behoves the observer still further to 
consider the probabilities of dry land over wider areas, such as 
would embrace large portions of our continents, if he expects to 
arrive at comprehensive conclusions as to the conditions which 
may have governed the production of any given detrital or fossili- 
ferous accumulation which he may liave under examination. As 
we have seen, it is highly important for him to obtain good 
evidence of beaches wherever they can be observed, inasmuch as 
these give him the boundaries of Wd and sea at certain geological 
times. These, however, he cannot always detect, since their pre- 
servation will depend upon favourable circumstances, such, lor 
example, as their consolidation at the time of their production, as 
is now effected in cerhiin localities, or their oecurrence in such 
slieltered situations, under altered conditions of sea and land, that 
they could be covered up and not be removed (p. 454). 

Though fresh-water deposits, as they are termed (from the 
remains detected in them being limited to those of terrestrial and 
lacustrine or fluviatile life), may not give any definite boundaries 
of the land and sea for any given geological time, they nevertheless 
prove the existence of dry land surrounding them at that time. 
Supposing the great lakes of North America to be filled up, 
ineclianically or chemically, by mineral matter, enveloping the 
remains of tlic life inhabiting them, or drifted into them by rivers, 
and these accumulations to be elevated into the atmosphere, 
forming hills and dales, or even crumpled and broken into parts of 
high mountains and deep valleys, though they would not afford 
defined land boundaries, collectively taken they might prove the 
existence of no inconsiderable tract of dry land at a given period. 

To estimate the probable preservation of such depcjslts amid 
movements of the earth’s surface, depressing dry land beneath the 


creatures of the present time, existed. The careful skatching, however approxinmte 
it might at first be, of the prt»bable area occupied by land and sea in the Kuro]>eaii 
area at this time, with the distribution of organic remains found in the lias, dis- 
tinguishing its upper and lower parts, would alone furnish matter for much useful 
progress in inquiries of tiiis kind. The scarcity of animal remains in the upper red 
or variegated mails, and the distribution of the little areas where these are detected 
Mith the subsequent abundance of life, as shown by its remains, constitute in them- 
selves interesting inquiries for those tracing out effects to their probable causes, and 
who reason from the known to the unknown. The unequal distribution of the 
saurians of the time, so numerous and so varied in certain localities, apd the patches 
where drifted terrestrial plants arc discoverefi, afford much information that is 
valuable, it appearing sometimes needful to suppose that the shores formed of the 
mud and sands of immediately preceding accumulations had been upraised above the 
sea level, to account for these distributions. Hence the probable oscillation of the 
land at the time, above and beneath the sea, becomes also a part of such resoarchos. 
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level of the sea, attention should be directed to the effects which 
would follow such a change. If any large area of dry land, wholly 
or partly bounded by seas, were now elevated higher above the 
latter, there would probably be a fringe of submarine deposits up- 
raised at the same time, while the various outflows of river waters 
would have to adjust themselves to the new sea level. Many 
estuaries would cease to be such (if the boundary seas were tidal), 
and the courses of their feeding rivers would require adjustments 
in accordance with the change of level ; much additional velocity 
and consequently scouring power, the volume of these waters re- 
maining the same as a whole, being given to those parts of their 
channels, the adjustments of* which had been more or less regulated 
by the former sea level. Under such conditions, it would happen 
as beneath (fig. 178), that many a river course was so lowered that 


Fig. 178. 



old river beds, a, a, would be left perched on the sides of valleys, 
above those which the river had formed for itself, either by 
removing loose materials accumulated in the valley, v, during its 
former adjustments, or by cutting through some rocky barrier, 5, 5, 
Vhich the new velwity of its course, and power to transport the 
means of effective friction, have permitted. The new coast line 
would be variably acted upon by the breakers. In cases of cliffs of 
hard rocks, previously descending into the sea, so that upon the 
uprise of the land the breakers still acted upon the cliffs, no 
material difference would take place, except that the now shallower 
depths adjoining may be more disturbed than previously by waves, 
so that fine sediment, formerly at rest, might be removed, and its 
fiirtlier accumulation in that locality prevented. With the fringes 
of any littoral sea bottoms upraised, the effects would be very dif- 
ferent. The adjustment to the previous breaker action on shallow 
shores, especially of those where the surplus sands were driven on 
land, and accumulated in sandhills (p. 59), would be destroyed, 
and the sea would remove the loose materials before it, until a new 
balance of force and resistance had been again accomplished, in the 
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manner represented beneath (fig. 179). If’ in this section a be the 
surface of the sea, after an elevation of the adjoining land, so that a 


Fig. 179. 

h i 





sea bottom, be brought within the action of the breakers, A, 
under which its slope had been previously adjusted, then that 
action would readily remove tlie unconsolidated mud, silts, or sand 
exposed to it, as well as the remains of any animals, entombed in 
them during their accumulation, or destroyed when upraised. 
Should the elevation of the land be continued, the subjacent detrital 
bed, (i, with any organic remains it also might contain, would, 
in its turn, be subjected to the same action, so that upon cxp>seJ 
ocean coasts, with heavy breakers, vast tracts of sea-bottoms might 
be removed, their materials accumulated elsewhere in the localities 
where they could find rest. As, under such conditions, there 
would be depths, where, from the disturbance produced by the 
waves above, a mere sifting of' the materials of these bottoms would 
be effected, it is desirable that an observer should bear in mind the 
mixture which might thence arise of the hard remains of marine 
animal life, entombed in the older sea bottoms, with tliose of the 
animals inhabiting the seas of the time. Should any change 
have been effected in the life of the area by the changes of relative 
levels, during the interval of' the production of the respective sea- 
bottoms, the organic remains of both might be much mingled,* 
especially when accomplished in a quiet manner, so as not to injure 
the entire shells or other remains of the older accumulations. 

Upon such an elevation of land, if it were horizontal, as regards 
a particular area, upon which any fresh- water lake might be situ- 
ated, the conditions affecting the deposits in it might remain 
much the same, except in such cases as where a discharging river 
into some adjoining sea was so much changed, as regards its outflow, 
that instead of a moderate velocity, it should acquire one so con- 
siderable that the surface of the lake itself became lowered from 
the cutting down of the new channel, by which an adjustment of 
fall had been effected to the relatively new sea level. Under such 
circumstances, the area and volume of the lacustrine deposits 
thence exposed would depend upon the shallowness or depth of the 
lake. When we regard great regions of lakes, such as those in 
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North Americs, and refer to the probability of the unequal lifting 
of‘ the land, so that one portion may be tilted more than the other, 
it is easy to conceive that the waters of great lakes can be so re- 
moved that much of their old deposits may be exposed as dry land, 
while accumulations may continue to proceed in the portions of 
their basins still submerged. In great lakes, where breaker action 
produces appreciable effects, there would be the same tendency to 
remove loose upraised bottoms, thus brought within its influence, 
as on the sea-coasts, calcareous deposits necessarily offering resistances 
in proportion to their hardness, amounting even to that of compact 
limestone. 

Turning now to the elevation of land over a wide area, so that 
the communications between seas intermingled with it and the 
main ocean may be cut off, great geological changes may be effected, 
not only in the life of the waters enclosed by, or running amid the 
land, but in the conditions of the dry land itself. As we have 
seen (p. 71), the evaporation in the Mediterranean is so far beyond 
the supply of water it receives through the Dardanelles, from the 
Black Sea, and from the rivers flowing into it, that if any elevation 
of the land took place, so that the Straits of Gibraltar were closed, 
a change which the geologist will learn from his researches to con- 
sider as one of no great 'comparative amount, tliis sea would have 
to adjust itself to its evaporation and supply of water, so that the 
one should balance the other. The result would be a great ex- 
posure of the present shallow sea bottom of the Mediterranean, 
and a change of level by which the outfalls of the rivers would 
acquire additional velocity, one which would also be communicated 
^o the current tlirough the Dardanelles, ^^^th a new adjustment of 
levels in the Black Sea and the rivers flowing into it, extending 
to the Sea of Azof. 

The great rivers pouring their waters into the Mediterranean 
would continue to produce their present effects long after a 
stoppage to a 1‘rcc communication with the ocean was occasioned at 
the Straits of Gibraltar, a vast mass of detritus l)elng borne into it 
as now, entombing the remains of animal and M^ge table life. It is 
interesting to consider, that should the adjustment required for 
evaporation and supply of water lower the level of the Mediterra- 
nean sufficiently far (450 feet), two basins would be f()rmed by a 
barrier passing between Sicily and the coast of Africa,* and the 
mouth of the Dardanelles would present dry land after the depres- 


Sco Captain Smyth’s “ Charts of the Mediterranean.” 
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sion had continued to 222 feet, so that cither the descent of the 
waters supplied by the Black Sea would be over a rocky channel, 
or the removal of the matter in the Dardanelles and Bosphorus 
would effect a free communication with the Black Sea, lowered to 
such an extent as to produce the most marked changes on its shal- 
lower coasts, and most materially to reduce its area. 

Thus by. the mere uprise of land over a moderate area, one 
comprising Spain and the opposite land of Alnca, very modifying 
effects would be produced over a wide range of land and inter- 
mixed water. A glance at maps of the world will show how 
readily other important modifications of great areas might be 
effected by comparatively local elevations of land, such as closing 
the outlets of the Baltic or the Red Sea, the one, as at present, 
continuing to obtain an outlet for any waters which may find their 
way into it, the supply being gi*cater than the evaporation, while 
the reverse might be expected in the latter, bounded by coasts to 
which little river water fiows, so that a larger area than the 
Dead Sea (its level 1312 feet beneath that of the Mediterranean), 
would be presented, all the shallow portions of the Red Sea exposed, 
and such extension of the sand-drifts permitted as the new condi- 
ditions might offer. 

From such conditions to a complete removal of water, so that 
wide tracts of desert sands are produced, the results obtained are 
but the needful consequences of an inadequate supply of water to 
compensate for the evaporation. Thus, while in Central Asia there 
are still the remains of the waters which once covered so wide an 
area in that part of the world, as above noticed (pp. 73, 103), 
whole regions are strewed over with unconsolidated sea-bottom» 
driven about by the winds,* 

All such surface changes, with the various modifications resulting 
from the unequal tilting of considerable tracts of country Irom one 
course of general drainage to another, as can often be so easily 
effected by comparatively moderate and unequal elevations of por- 
tions of dry land, should be well considered when weighing the 
probabilities of the existence of such land in any particular part ol‘ 


♦ The observer will do well to study the evidence adduced by Sir Roderick Mur- 
chison and his colleagues Geology of Russia in Europe and the Urals,*’ vol. i., 
p. 297), respecting tlic character of the wide-spread de|X)8itB of the great region in 
which the Caspian is included, showing the change of life during a time when the 
area passed through a condition of brackish water to the mixture of dry land and 
water which now presents itself. An important addition to our kiiowlctlge of tlie 
changes which tlie earth’s surface has undergone, over a wide-spread region, in com- 
paratively recent geological times. 
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the earth’s surface at some given geological time. It will be 
evident that many complicated and intermingled deposits, con- 
taining the remains of marine, fresh-water, and terrestrial life, may 
be formed without the submersion of a great area of dry land 
beneath the waters of the ocean, a point of no small importance 
when the contemporaneous spread of animal and vegetable life, 
intermingled with the mineral accumulations of the time, is under 
consideration. 

Though upon an elevation of land much of the shallow sea- 
bottoms adjoining it may be exposed to the destructive action of 
the breakers, as above mentioned (p. 490), the same movement 
would cause many portions of a littoral sea bottom to be brought 
up to the height most favourable for the preservation of its slope 
seaward, and the accumulation of sand-hills beyond the new line 
of shore inland. Another effect would be the conversion of many 
arms of the sea into lakes, the shallower depths, found in many 
localities at the outer or seaward part of such inlets of the sea amid 
the land, forming a low barrier between the sea and the more 
inward and deeper parts then separated from it. In such cases the 
newly-included portion of the sea would gradually become less 
saline from the continued supply from the rivers which are 
gencmlly to be found in such localities, so that, finally, a fresh- 
water lake, such, for example, as Loch Ness, in Scotland, might 
still preserve a considerable depth, its surplus waters finding their 
way to the sea by some river. To illustrate tliis, let, in the sub- 
joined plan (fig. 180), a, a, represent some arm of a tidal sea. 

Fig. 180. 





such as is to be found in many parts of the world, and h a sub- 
marine bank, in part formed by the check given to pn-shore waves, 
stirring up detritus seaward, in part by drifts produced by pre- 
valent winds, as in the manner previously pointed out (p. 55, 
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fig. 50), and in part also from some check given to the outflow of 
the ebb tide carrying detritus brought down by feeding rivers, t, 
in seasons of flo^, where it reached the general coast line. Sub- 
marine bars of this kind are far from uncommon. Upon the eleva- 
tion of such a coast, so that its previous line, w, m, becomes shifted 
to n, n, a low piece of ground, /, /, of a breadth depending upon 
its shallowness beneath the former relative sea level, and its general 
slope might extend to a considerable distance outwards, the surplus 
river waters finding their way as a river, r, amid the new low 
ground, to the sea at o, o. Lakes at the outskirts of mountainous 
countries, bounded by low groimd at their outlets, this low ground 
continuing to some neighbouring sea, would often appear to have 
been thus produced. In like manner numerous rivers of consider- 
able size would have their lower portions converted into lakes, 
their present bars (p. 77) with much of an adjoining shallow sea- 
bottom being upraised, so that the river formed a new channel 
between the old bar and the new coast line, where, assuming con- 
ditions to be still similar, a new bar would be formed, and the 
spread of water behind the old bar might continue as a kind of 
lake until filled by detritus, its waters, after the change, becoming 
gradually fresh from the absence of the daily inflow of* the sea 
upon the flood tide. These and other modifications of coasts by 
elevations of land, some on the small and others on the large scale, 
will readily be seen by an inspection of the charts of various parts 
of the world, whereby it will be found that lakes would be the 
frequent consequence of such changes, especially upon mountainous 
shores, where the continuations of many valleys are beneath the sea 
level, and where, at their termination seaward, the bottoms become* 
somewhat raised, forming more of a portion of a general slope in 
connexion with the adjoining sea-bottom outwards than with the 
arm of the sea continued inwards. 

The production of the lakes on the outskirts of mountainous 
districts, in the manner last mentioned, would often seem to involve 
the necessity of a previous submersion of a portion of the same 
region beneath the sea level, the arms of the sea being mere con- 
tinuations of that level amid depressed land. When such a sub- 
mersion happens — and there can be little doubt that it has often 
done so during the lapse of geological time — the filling up of the 
submerged portions of such valleys will be modified according as 
the land may be situated in a tidal or tideless sea. In the one case 
there would generally be estuaries and their results (p. 77), in the 
other the mere discharge of detritus outwards, much as at the head 
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of lakes, due allowance being made lor the mode in which river 
waters, bearing detritus in mechanical suspension, may flow over 
the sea water in such situations (p. 63). 

We have, while noticing the accumulation of beaches (p. 56), 
the condition of estuaries (p. 58), the preservation of foot-prints 
(p. 129), coral reefs and islands (pp. 195, 200), distribution of 
erratic blocks and superficial gravels (pp. 258, 260, 263, 287), 
ossiferous caves (p. 305), and the uplifting of the subaqueous 
parts of volcanos (p. 389), been compelled to mention some of the 
effects which would be produced by the elevation and depression 
of* land above or beneath the sea, and even to advert to the mate- 
rial changes which would be produced by the depression of the 
Isthmus of Panama, and the elevation of the sea-bottom between 
the north coast of Australia and the Malayan peninsula (p. 136). 
The effects thus caused have Uj be more or less regarded with 
respect to the mineral and fossilifcrous accumulations of all geo- 
logical periods to which the modifications and changes now in 
progress on the earth's surface arc applicable. 

As with an elevation of the dry land above, so with its depres- 
sion beneath the sea, the steepness or gently-sloping character of* 
the mineral mass moved has to be duly regarded. While amid a 
mountainous region the depression of* the land f*or about 200 or 
300 feet may merely somewhat more intermingle the sea with the 
land, arms of the sea exkmding further into the country, the same 
depression in lower lands may cover whole districts, the tops of 
some higher grounds only rising as scattered islands amid a wide- 
spread sea. The effects produced in one region would form no 
.measure of tliosc following such a depression (in a geological sense 
of a very minor kind) in another. The change might, indeed, so 
far affect a mixed region of mountains and low plains, that some 
old state of things may often, to a certain extent, be reproduced, 
the mountains f*orming islands, or groups of islands, in a part of 
the ocean, and so that ravages on their flanks from heavy breaker 
action are recommenced. While, in the one case, the area occu- 
pied by terrestrial life, animal and vegetable, was comparatively 
little circumscribed, in the other, large tracts would be laid waste, 
and many a plant and animal, peculiar to the low districts, might, 
under certain conditions, be entirely swept away. 

Whether we contemplate the submersion of a large area of dry 
land, much intermingled with lakes, such as Northern America, 
partly overspread by deserts, such as portions of Africa, and Asia, 
or under an ordinary condition of the growth of trees and other 
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terrestrial plants, and an adjusted distribution of animal life, there 
would appear few geological changes so effective in bringing 
deposits marked by dissimilar organic remains into contact, than 
such submersions. Even horizontal or nearly horizontal accumu- 
lations may be thus superimposed, after the lapse of considerable 
intervals of geological time, should one sea-bottom have been long 
horizontally raised above water until a change in the relative levels 
of sea and land, in that area, produced the conditions for its sub- 
mersion and subsequent coverings by new deposits. Under such 
circumstances it may require some caution on the part of the ob- 
server not to conclude that the two kinds of sea-bottom have not 
succeeded each other quietly beneath the sea. If any low region 
be regarded with reference to the effects which might be produced 
during its tranquil submersion, such, for example, as where wide 
tracts of sand-hills border such a district, it will be obvious that 
these latter would soon disappear before the action of the sea, 
and be readily spread over the low grounds inland as these became 
depressed. As the land descended, its surface would be acted 
upon by the sea, the looser and lighter parts readily taken up and 
removed, to be deposited elsewhere in fitting situations according 
to circumstances, the larger and harder parts often, as it were, 
sifted from the finer and lighter, and occasionally enveloped by 
new detritus not far distant from their places of first accumulation. 
When a geologist considers the decomposition of the surfaces of 
ancient and upraised sea and lake bottoms, forming soils, and the 
frequent dispersion of their organic contents either in these soils 
or subjacent decomposed rocks, he will perceive that under favour- 
able conditions, these ’remains may sometimes be preserved with.- 
little injury, and be mingled with those of the animal life intro- 
duced over the old land-surface by the new submersion beneath 
the sea. The lower part of the new accumulations and the upper 
surface of the old deposits may thus become mixed, and lead, 
without due care, to the supposition that the two were marked by 
a passage of the organic remains found in the one into the other. 
This is no useless caution, as the observer, when studying the 
effects produced during the submersion of some ancient land, will 
have occasion to remark. Some good examples of weathered 
fossils of the carboniferous limestone, even so much so as to be 
completely detached, may be seen in the dolomitic or magnesian 
limestone deposits (of the new red sandstone series) in Somerset- 
shire, Gloucestershire, and Glamorganshire, and these might readily, 
without due care, be considered as organic remains of the later 
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geological time. It is as if, after abstracting the turf or soil cover- 
ing the carboniferous limestone of a district, and the quiet removal 
of the intermingled earth in place, a deposit of magnesio-ealcareous 
matter was thrown down from solution amid the fossils and frag- 
ments of the older rock. The fitting of deposits of this kind into the 
inequalities beneath is well shown in the district to which allusion 
has been made, and may be illustrated by the following section 
(fig. 181), seen at Pen Park, north of Bristol, where the dolomitic 

Fig. 181. 



or magnesian limestone, J, rests upon the edges of upturned beds 
of carboniferous limestone, a, a, into the superficial inequalities 
and interstices of which it enters, covering up blocks of the same 
rock, <?, reposing on the surface before the deposit of the newer 
rock. In such localities, the weathered portions, including fossils, 
of the subjacent rock may sometimes be found penetrating or in- 
termingled with the subsequent accumulations, occasionally mark- 
ing a state of much tranquillity, and as if an overspreading deposit 
had been effected on an old surface of land which, in favourable 
localities, had not been much subjected to breaker action, rounding 
the fragments and destroying the old weathered surface of .the 
•rock. 

That a mixture of the organic remains of former geological 
times with those of molluscs and other marine animals, the species 
of which at present exist in the seas adjoining, is now taking 
place, a walk along many a coast will show, shells especially being 
seen washed out of sands and clays forming the cliffs, and being 
mixed with those now cast on shore. We are, therefore, well 
prepared to expect that when, during a submersion of dry land, 
the loose surfaces of ground, with distributed organic remains, are 
exposed to similar action, the results will be the same, with this 
difference, that while, on an exposed coast, the ancient and mo- 
dern organic remains may often be all ground down together into 
one common mass, in a submerging land, more sheltered localities 
may frequently present themselves where the ancient organic 
remains could be more quietly sifted out of the loose earthy mat- 

2 K 
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ter surrounding them, and be intermingled with the exuviaj of 
animals, the habits of which lead them to prefer equally tranquil 
situations. 

Fully to appreciate the varied geological effects which may be pro- 
duced by the submersion of differently circumstanced dry land, it 
may not be uninstructive to consider those which would follow the 
re-establishment of the sea over the many thousand square miles now 
occupied by the great desert or deserts of Northern Africa, Sahara 
and others. Judging from such observations respecting the heights 
of parts of these deserts as appear deserving of credit, a submer- 
sion of the kind mentioned as probable for the British Islands 
during the inferred cold period preceding the present state of that 
area, namely, from 1,200 to 1,500 feet, would place at least a large 
portion of them beneath a continuation of the Atlantic. As the 
sea moved inwards, according to its level, however this might pre- 
sent itself with respect to the variation from horizontality, wholly 
or partially, of the submerging land, the sifting of hard and coarser 
parts from the lighter and softer would be effected. Thus the 
remains of men, camels, and the ordinary desert animals, here 
and there mingled with the additions to the former wliich the 
oa^s produce, might be mixed with those of the marine animals 
introduced with the sea as it advanced over the land. Should 
there still be organic remains amid the sands of’ the deserts, 
entombed when the whole had previously been beneath water, 
these also might be mingled with the animal exuvias of the new 
sea-bottom. 

When we consider the depression of land occupied by many and 
perhaps great lakes, such as those in North America, the amounU 
of submersion more in one part of the general area than in another 
has to be duly regarded ; as also the consequent different conditions 
under which these bodies of’ fresh water may be placed. While 
the progress of depression may in some cases be such that the out- 
flowing waters were gradually shortened in their courses, until the 
time arrived when the sea entered into the lakes, a mere over- 
topping of the fresh- water basin being accomplished ; in others the 
unequal tilting of the ground may have occurred so that the sea 
was introduced and covered a deeper portion of the lake basin in 
one direction than in another. Inferring the usual mode of’ dis- 
tribution of matter by the combination of’ wind- wave action beneath 
the sea at the proper depths, and breaker action on the shores, 
with the effects of tidal streams in tidal seas, the accumulations 
might 80 far differ under these conditions that while, in both 
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instances, the animal life gradually became adjusted to the sea, the 
greater part, if not the whole, of the previous deposits in the 
simply overtopped lake might be preserved and be covered by the 
brackish water, and finally by the marine accumulations. The 
imequally-tilted lake banks might permit a part of the older 
deposits to be so exposed to breaker action that they were partially 
removed, the component mineral matter and its organic contents 
partially also rearranged with the new accumulations. If, during 
a re-establishment of part of North America beneath the sea, it so 
occurred that Lakes Erie and Ontario were depressed more rapidly 
than Lakes Huron, Michigan, and Superior, the sea finally over- 
spreading the whole, the relative positions of the lakes to the 
direction of the greatest depression would much influence the 
results. Lakes Erie and Ontario would present their breadths to 
the movement, while Lakes Michigan and Huron would be acted 
upon in their lines of length. Lake Superior presenting a more com- 
plicated form. Under such a movement, the entrance of* the sea 
would necessarily depend upon the varied surface and levels for 
the time opposed to it ; but it may readily happen that while Lakes 
Ontario and Erie were beneath the sea, and Lake Huron brackish 
water. Lake Superior might continue as fresh water, the contempo- 
raneous deposits in each containing the remains of animals capable 
of* living in the various kinds of water respectively, such of the 
original lacustrine creatures remaining in the brackish water as 
could adjust themselves to it, mingled with those marine animals 
which could support life under the same conditions, the terrestrial 
vegetation drifted into all the deposits being of the same general 
Jkind. 
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CHAPTER XXVIL 

MODE OF ACCUMULATION OF DETRITAL AND FOSSILIFEROUS ROCKS CONTINUED. 
— EVIDENCE AFFORDED BY THE COAL-MEASURES. — STEMS OF PLANTS IN 
THEIR POSITION OF GROWTH. — FILLING UP OF HOLLOW VERTICAL STEMS, 
AND MIXTURE OF PROSTRATE PLANTS WITH THEM. — GROWTH OF PLANTS 
IN SUCCESSIVE PLANES. — THICKNESS OF SOUTH WALES COAL MEASURES. — 
FAI^E BEDDING IN COAL MEASURE SANDSTONES. — SURFACE OF COAL- 
MEASURE SANDSTONES. — DRIFTS OF MATTED PLANTS IN COAL MEASURES. 
— EXTENT OF COAL BEDS. — PARTIAL REMOVAL OF COAL BEDS.— CHANNELS 
ERODED IN COAL BEDS, FOREST OF DEAN. — LAPSE OF TIME DURING DEPOSIT 
OF COAL MEASURES, — PEBBLES OF COAL IN COAL ACCUMULATIONS. — 
MARINE REMAINS IN PART OF THE COAL MEASURES. — GRADUAL SUB- 
SIDENCE OF DELTA LANDS, — FOSSIL TREF.S AND ANCIENT SOILS, ISLE OF 
PORTLAND. — WEALDEN DEPOSITS, SOUTH-EASTERN ENGLAND.— RAISED 
SEA-BOTTOM ROUND BRITISH ISLANDS. — OVERLAP OF CRETACEOUS ROCKS 
IN ENGLAND. 

While the remains of drifted terrestrial plants, large or small, 
may not give very exact information as to the area occupied by 
dry land, whence they have been derived, since they could have* 
floated from considerable distances (p. 125 ), according to the cur- 
rents of particular geological times,* where these remains occur 
either in their places of growth, or so that we may rightly con- 
clude that they have not been removed far from them, they become 
important. Those deposits of vegetable matter interstratified with 
shales, sandstones, and conglomerates, which occur in a particular 
portion of the geological series of accumulation in Europe and 
America, and to which the term coal TnecusuveB has been assigned, 
from abundantly furnishing the fuel which has become so important 
to the progress of civilization, afford the observer the means of in- 


♦ The Gulf stream, as before pointed out, is an excellent examplp of a body of 
water capable of transporting the vegetable products of tlie tropics' to tlie temperate 
regions of the north across an ocean. 
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ferring the existence of land in particular portions of the northern 
hemisphere at that time. When carefully examined, a large pro- 
portion of the coal beds have been found, in the British Islands 
(and the evidence would also appear to justify similar conclusions 
in many other countries), resting upon others immediately beneath, 
in which the roots of particular plants are found to extend in a 
manner showing that these are actually in their places of growth, 
as respects the beds of mineral matter containing them. These 
roots were at one time considered as separate plants {Stigmaria), 
but now, from the researches of Mr. Binney and other geologists, 
it seems established that they belong to other plants {Sigillaria, if 
not also to other genera). W^ith this advance of knowledge, we 
find that great sheets of vegetable matter were based upon a mud 
or silt, in which the amount of sand varied considerably in dif- 
ferent situations, even in the prolongation of the same bed, and that 
into this mud or silt the roots of at least some of the plants of the 
time and locality spread as in ground for which they were suited. 

Upon further investigation, it has been found that roots of 
this character are to be seen attached to stems of plants still 
vertical, or nearly so, to the beds of shale or sandstone (formerly 
mud, silt, or sand), in which they are enclosed. Though the 
attachment of such roots may be rarely seen, the examples of‘ 
vertical stems of plants, apparently in their places of growth, are 
sufficiently common, so much so that if certain parts of the coal 
measures of the British Islands could have the detrital matter 
removed, various and extensive areas would be found covered by 
the stumps of plants in such positions. These stumps are so 
•numerous in the ordinary detrital deposits reposing on some coal 
beds, that they become dangerous in the collieries, (unless great 
care be taken in the works,) from being merely sustained aloft by 
the coaly matter representing the former outer portion of the 
plants, so that when this is insufficient to re tain them, they fall on 
the heads of the miners. The following sketch (fig. 182), at Cwm 
Llcch, towards the head of the Swansea valley, Glamorganshire,* 
may serve to illustrate the manner in which these plants may 
sometimes be exliibited in quarries or natural cliffs, rising amid 
the beds which have enveloped them in their places of growth. 
The largest of the two stems was feet in circumference. They 
merely formed a part of a surface more or less covered by stems of 

* Made by Mr. Logan, by whom and the author the locality was carefully ex- 
amined. The stems were subsequently removed to the Royal Institution of South 
Wales, at Swansea, where they now are. 
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this kind, as others were to be seen in similar positions in the same 
bed of rock higher up in the same valley. Upon uncovering a 

Fig. 182. 



shale beneath the sandstone, in which these plants {Sigillarioi) 
stood, an abundance of fern leaves, and fragments of other plants, 
commonly seen in these deposits, were found distributed around in 
the same manner as leaves and other parts of plants may be dis- 
persed around stems of trees in muddy places at the present day. 

It sometimes hapjiens that the vertical stems of the plants rise 
through different kinds of beds, the component parts of which 
accumulated around them, while the vegetable matter still held, 
together. The following (fig. 183) is an example of this kind, as 
it was exhibited at the Killingworth Colliery, Newcastle district. 
In this section a represents the high main coal of the district, b 
argillo-bituminous shale (formerly carbonaceous mud), c blue shale 
(mud or clay), d compact sandstone (sand), e alternating shales 
and standstones (beds of mud and sand), h white sandstone (clean 
sand), i micaceous sandstone (sand with mica), and k shale (mud 
or clay). In such cases various changes were effected in the kind 
of mineral matter transported to, and deposited amid, the vegetation 
there standing. Though we do not know the extent to which 
such plants may have been covered up before they died, an 
attentive study of the mr^dc in which the mud, silt, or sand has 
been accumulated round the stems often shows the observer that 
the water bearing or moving the detritus was very sliallow. 
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Around the stems at Cwm Llech (fig .182), the laminae of the sand^ 
stone were so arranged as forcibly to suggest that they represented 

Fig. 



the washing up of sands around the plants in shallow water agitated 
by slight waves. Such an arrangement may frequently be seen, as 
also occasionally, when the stems are carefully uncovered, an ad- 
justment of the laminae of the original sand or silt, in a manner 
pointing to the passage of a slight current of water by them. 
When this can be found, the direction whence the current came 
may be inferred by the position of tlie laminae marking the place 
of the eddy, behind the stems. 

From the manner in which these vertical stems are so frequently 
terminated upwards, it would appear that while, for a time, their 
lower portions continued to resist the pressure both of the water in 
which they were immersed, and the gradually-accumulating de- 
tritus borne or drifted by it, their tops became decayed, and were 
removed, so that finally sheets of detritus uninterruptedly spread 
over the localities where such plants may have grown. We seem, 
indeed, to have evidence, in the manner in which so many of these 
stems have been filled witli mud, silt, sand, and the remains of 
other plants, that before such sheets of continuous detritus were 
spread over their tops, they were hollow, like so many open and 
vertical tubes, in which, when overtopped by waters bearing 
detrital matter, and the leaves and fragments of plants, these were 
deposited in the same way that segment and the remains of 
vegetation are accumulated in the hollows of* upright and decayed 
or broken stems of bamboos, and other plants on the side of rivers, 
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or amid low grounds, during and upon the subsidence of floods. 
That the interior and exterior deposits, in and around the vertical: 
stems are not the same, different minor layers being found in the 
stems not corresponding with those outside, may often be seen, as 
shown in the annexed section (fig. 184), where a stem, a, a, 

Fig. 184. 



covered by a sandstone bed, J, is surrounded by other sandstencs, 
c, c, c, interstratified with shales, c?, d, their lines of deposit abut- 
ting against the stem, the only remains of which are usually formed 
of coal from half an inch to two inches in thickness, according to 
the size of the plant, in the inside of which other layers, e, e, of 
shale and sandstone, with or without leaves of* fern or other plants, 
occur arranged in a manner showing that they were accumulated 
independently of those outside. 

Strewed amid the same accumulations (those of the coal mea- 
sures), prostrate stems, sometimes measuring thirty feet in length, 
and of proportionate breadth, considered by botanists to be of the 
same and similar genera, and frequently even species as those found 
vertical, would often appear to show that they have not undergone 
violent transport in waters, being so little, if at all, injured. In- 
deed, occurring, as they sometimes do, among the stumps of stems, • 
these apparently in the positions in which they grow, they far 
more resemble those prostrate trees found amid the stumps of the 
rooted trees in the “ submarine or sunk forests” (p. 447). In 
some collieries an observer may, as it were, see beneath such an 
accumulation of plants in muddy ground, the ends of the upright 
stumps, like so many irregular rings, scattered over head, the long 
prostrate stems strewed among them, and a multitude of ferns of 
various kinds, Lepidodmdra^ and other plants, matted together, 
the whole presenting the appearance of a growth of plants in soft 
or wet ground, if not shallow water, mud mingled with various 
portions of them. Often the plants appear to have partly grown 
in the same locality, and partly to have been drifted into it, some- 
times from an adjoining situation, at others from more distant 
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While areas of fair size axe known by colliery workings to have 
had numbers of vertical stems tranquilly covered over by detrital 
matter on a particular geological plane, so that a forest of this kind 
of vegetation has been contemporaneously entombed, it sometimes 
occurs that there is good evidence of similar conditions having 
produced similar results more than once over the same area. Of 
the facts brought to light on this head, though it may be well 
known in many coal districts that vertical stems of plants are found 
at more than one geological level, the occurrence of one series of 
vertical stems above others seems to have been hitherto, in no 
artificial or natural sections, better exhibited than in the coal dis- 
tricts of Nova Scotia and Cape Breton, where several of these 
planes of vegetation, the stems of plants ^ ig 135 . 

still standing in their places of growth, 

are seen above each other. Sir Charles ‘ 

Lyell describes ten forests of this kind, 
as occurring above each other, in the 
cliffs between Minudie and the South 
Joggins, at the head of the Bay of 
Fundy. The thickness of the mass of 
beds containing the upright stems is 
estimated at alx)ut 2,500 feet, and the 
usual height of the trees is from six to 
eight feet, but one was seen apparently 
25 feet high and four feet in diameter, 
with a considerable bulge at the base. 

All these stems appeared to be of the 
*same species.* We are indebted also to 
Mr. Logan for a very detailed account of 
these coal measures. In his description 
of the Sydney coal-field. Island of Cape 
Breton, t Mr. Richard Brown notices 
many upright stems of plants in different 
beds. Among the sections given, the 
annexed (fig. 185) will be useful, as 



* Lyell, “Travels in North America,” vol. ii., pp. 179- 1S8. 

t Brown, “ Section of the Lower Coal Measures of the Sydney Coal Field, in the 
Island of Cape Breton,” (Quarterly Journal of the Geological Society of London, 
vol. vi., p. 115). After adverting to the descriptions of the coal measures of Nova 
Scotia by Sir Charles Lyell (Travels, &c.) and by Mr. Logan (Section of the Nova 
Scotia Coal Measures at tlie Joggins), Mr. Brown estimates the productive coal 
measures of Cape Breton at more than 10,000 feet in thickness. The Sydney portion, 
described in this communication, was, by measurement, 1,860 feet thick. The dip is 
mentioned as at an angle of 7 °. 
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showing this occurrence of many vertical stems above each other.* 
In it, a represents sandstones, b shales, c coal, and d the beds, 
usually argillo-arenaceous, in which the roots {Stigmaria) are in 
their positions of growth. The total tliickness of the deposits 
amounts to 92 feet, and in it occur four planes of upright stems, 
(the second showing different levels of growth in it,) and six 
ancient soils, surmounted by as many seams or beds of coal of 
very different depths, the most considerable being six feet, and 
the least seam, one of mere carbonaceous matter, one half-inch 
thick. 

It will no doubt at once suggest itself tliat such accumulations 
of mud, silt, sand, and sometimes gravel, intenninglcd with layers 
of fossil vegetation, these layers based upon a soil, probably moist 
or wet, in which the roots of certain plants freely grew, while 
vertical stems occurred, as much sometimes as 15 or 20 feet high, 
and two to four feet in diameter, even planes of these old forests 
being foimd above each other in limited sections, must have been 
gradually submerged, so that, at intervals, the soil was sufficiently 
exposed to, or near the atmosphere, that the plants entombed amid 
them could come under their proper conditions of growth. A 
trough or other cavity, or slightly-inclined plane of shore, gradually 
filled up to the level of the atmosphere, would only give one layer 
of vegetation, whereas, in some coal districts, where the seams of 
coal are reckoned with the soils on and in which their constituent 
plants grew, 50 or more intervals for growth may have to be accounted 
for. A submersion of the ground on which the plants flourished, 
so tliat at times the mud, silt, or sand of‘ the time accumulated at 
a greater rate than tliis submersion could keep them beneath the 
level of water, or during which, though the descent of the land 
may have been, as a whole, constant, there were minor amounts of 
movement (by which after a subaqueous area had been filled up 
to the atmosphere, there were pauses when the plants could grow), 
would alike appear to explain the facts observed. The section of 
the 1,860 feet in which the upright stems of the Sydney beds 
(Cape Breton) occur, shows that there were more than 40 pcri(xls 
in the general descent of the mass when there were soils in which 
the roots (Stigmaria) of the plants of the time and locality found 
their needful conditions for growth, those for the accumulation of 


♦ In this section the ImmIs arc reduced to horizontally, and arc on a pnJiKirtional 
scale, the relative thickness of the beds being taken from the dctaiknl description of 
them by Mr. Richard Brown (Journal of the Geological Society, vol. vi., p. 120.) 
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the vegetable matter above them having varied materially.* 
When we turn to the sections of the European coal-fields of this 
kind, similar evidence presents itselff In the section of the 
Bristol coal measures between the Avon and Cromhall Heath, 
there were no less than 50 periods during which the conditions for 
soils obtained, and roots {Stigmaria) were freely developed in 
them, these soils topped by a growth and accumulation of plants, 
apparently requiring contact with the atmosphere for their exist- 
ence. The general thickness of that series is about 5,000 feet 
and it is based upon an accumulation, chiefly sandy, about 1,200 
feet thick. The Glamorganshire coal-field gives a still greater 
deposit of mud, silt, sand, and gravel, intermingled with soils in 
which roots of* some, at least, of the plants of the time spread out 
freely, most frequently, though not always, covered by beds or 
scams of* coal, the tliickness of which necessarily depended upon 
the duration of the conditions needful for the growth and accumu- 
lation of their component plants. The mass of these various beds 
in the neighbourhood of Swansea may be estimated at about 11,000 
feet ; so that if accumulated by subsidence, horizontal beds piled 
on each other, it would have to be inferred that in this part of the 
earth’s surface, and at that geological time, there had been a some- 
what tranquil descent of mineral deposits, sometimes capable of 
supporting the growth of' plants requiring contact with the atmo- 
sphere, but most commonly beneath water, for a depth by which 
the first-formed deposits oecame lowered more than two miles from 


* The detail of the general mass is thus summed up by Mr. Brown : — 


Feet in. 

Arenaceous and argillaceous shales . . . 1,127 3 

Bituminous shales ...... 26 5 

Carbonaceous shales ..... 33 

Sandstones . 562 0 

Conglomerate ....... 08 

Limestone 3 11 

Coal 37 0 

Underciays 99 6 

Total . . 1,860 0 


From this it would appear, that while the calcareous matter -(limestone), gravel 
(conglomerate), and mud-mingled organic matter (bit«uniiious and carbonaceous 
shale), were of little importance, the mass was composed of silt and mud (arenaceous 
and argillaceous shales), and of sand (sandstone), the lornu r double the thickness of 
the latter. The more pure vegetable matter (coal) amounts to about ,,\jth part, and 
the soils (underclays) to somewhat less than ^^th part. 

t See the detail of the coal-fields of South Wales, Monmouthshire, and Gloucester- 
shire (Vertical Sections of tlic Geological Survey of Great Britain, Sheets 1-117, 
and descriptions of portions of the same districts (Memoirs of the Geological Survey 
of Groat Britain, vol. i. pp. 161-212). 
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their original position. It may be inferred that this thickness is 
not really that of the general mass, as the component beds might 
have been accumulated one against each other, as happens in single 
sandstone and conglomerate beds (figs. 38, 57), and as no doubt 
has more often to be taken into account than it has been, in the 
calculations of thickness. It may, however, be remarked, that in 
these coal deposits, where planes of vegetation of a peculiar kind 
seem so frequently to have been based on very soft soils, and the 
whole has been so intermingled with continuous accumulations of 
mud, that the general sections appear often to point to great thick- 
ness, more particularly when the component beds are, after dipping 
downwards, found rising with similar characters at a considerable 
distance. Nevertheless, the unevenness in many of the deposits 
should be well considered, and the probable value of the general 
decrease of the whole thickness from such causes be duly esti- 
mated. 

Though the fine mud of the time (now argillaceous shales) 
gives little information as to deep or shallow water in which it 
may have been deposited from mechanical suspension, the sand- 
stones of the coal measures very frequently show that they have 
been lar more the result of sands drifted along the bottom ol* 
moving water, than of having been mechanically suspended in it. 
Indeed, the accumulation of the sands is much that which would 
be expected firom a pushing forward of the bottom detritus into a 
shallow depression, where the conditions may have been so changed 
by alteration of levels that the sand of a higher situation, and 
nearer its source of supply, was readily transported into it. Sections 
of the subjoined kind (fig. 186) are of the commonest occurrence 



in many parts of the British coal measures, and they would ap- 
pear not less common in the great coal deposits of North America 
and parts of Europe, the geological age of which has been consi- 
dered somewhat equivalent. By careful removal of the .upper sur- 
faces of these beds, the overlaps of the differently-drifted lamina? 
may be seen, and occasionally still better in coast exposures. 
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The following (fig. 187) is a sketch* of the upper surface of a bed 
of sandstone exposed on the coast near Nolton Haven, Pembroke- 
shire, showing the different margins of the sand, as its various 
drifts proceeded. 

Fig. 187. 



An observer having thus obtained evidence of the apparent 
growth and accumulation of terrestrial plants in place, and the 
rooting of at least some of them in soils beneath of such a character 
that fine rootlets could spread freely amid their parts, has to look 
carefully into the species of this and other plants entombed in the 
general mass, endeavouring to see if there may not be some drifted 
amid the mud, silt, and sands, and even included among the coal 
itself, which may diffei from those inferred to have grown on the 
spot. There would appear much to accomplish on this head, at 
the same time, however, it seems probable that while some plants 
have thriven in the planes of vegetable matter now converted into 
coal, others, even trees, have been borne into the general mass of 
* vegetation, by water transporting them, as many a river now does. 
Matted masses of plants are often discovered among the sandstones, 
as if drifted by some stream, transporting such plants on its sur- 
face, while it pushed onwards the sands Ixineath it, streaks of such 
intermingled vegetation sometimes extending many yards in length, 
and occurring amid sandstones, the component sands of which have 
been thus accumulated. The following is a sketch (fig. 188) of 
the upper surface of part of one of these vegetable drifts at Pem- 
brey, Caermarthenshire, in which multitudes of the stems of 
Sigillarice and Lepidodendray chiefly the former, and now con- 
verted into coal, are crossed and matted together in all directions. 

These drifts of plants, now forming streaks of coaly matter in 


* By Professor John Phillips, when examining that part of South Wales with the 
author. 
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the sandstones or shales including them, are sufficient to show 
that though numerous coal beds may be the result of the growth 

Fig. 188. 



of a peculiar vegetation in place, the roots of which required and 
penetrated a suitable soil beneath, it might so happen that exten- 
sive and deep accumulations of drifted plants may wholly form 
coal beds under favourable circumstances, so that an observer, 
while investigating coal deposits, should carefully weigh any evi- 
dence of this kind, as well as that pointing to the growth of 
plants in the situations where their remains now constitute coal. 
The two modes of accumulation are by no means incompatible with 
each other. On the contrary, they may be often • intermingled, 
sometimes conditions prevailing more, or even entirely, in favour 
of one instead of the other. At the same time it may be remarked 
that, as careful investigations have proceeded, tlic evidence of the 
growth in place of the mass of* plants now constituting extensive 
coal beds, during the time when the chief* coal accumulations of 
Europe and America were effected, has been gaining ground, inas- 
much as the sr>ils beneath most of tlie coal I)cds and containing 
roots (Stigmarid) have been veiy ajmmonly f’ound.* 


These soils, though far from having been acknowledged as such, have long been 
known, and employed as guides the working colliers, wliosc experience taught 
them their frequent occurrence beneath beds of coal, the more esix^cially where they 
constitute, as they frequently do, excellent materials for the fire-bricks so often 
required in our coal districts, for the different metallurgical and other uses for 
which that fuel is employed. The name given to those ancient soils varies in difl’erent 
districts — underclay^ txittonustone^ and undercliff are not uncommon names in South 
Wales and the west of England. The ffanigter of Yorkshire and Derbyshire is a bed 
or l>eds of this kind. Though .so long know^n to the coal miner, they have been 
rarely noticed until lately in colliery sections. 
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An observer will not long have been engaged in the exami- 
nation of extensive coal districts without usually finding that, 
while certain beds of coal can be traced outcropping for long dis- 
tances, and found also beneath the surface at various depths, accord- 
ing to circumstances, others are more local, mere patches, as it were, 
amid sheets of vegetable matter far more persistent over wider 
areas. In like manner some of the former mud, silt, or sands, 
accumulated at the same time, present a more common character, 
scattered over extensive districts, than others, the muds usually, 
as might be expected from their component parts having been dif- 
fused in a fine state of mcclianical suspension in water, being the 
most persistent. Taking the chief sheets of coal as guides, duly 
weighing the kind and amount of distribution of the accompanying 
ancient mud, silts, sands, and gravels, and reducing the section 
and plan, so that all embarrassments of contorted or simply tilted 
beds, with any fractures or dislocations which the whole accumu- 
lation may have sustained, be removed, it will be seen how far 
these sheets of interstratified matter may extend in a manner 
requiring an even, or nearly even surface, over a wide space. To 
accomplish such an object, it will be obvious that an observer 
should free himself from mere local variations, and attend to the 
evidence presented on the large scale. Thus it may be required 
that all the coal districts of Great Britain and Ireland, whether 
remaining as patches, reposing on older rocks, or simply exposed 
by the acti(m of denuding causes which have removed some cover- 
ing of subsequent deposits, should be regarded as a whole, and 
with reference to any portion of dry land of which they may have 
^constituted an addition, and from which the needful supply of 
mud, silt, sands, or gravel, now forming its accompanying beds of 
shale, argillaceous and arenaceous, sandstone and conglomerate, 
was derived. 

With regard to the sheets of vegetable matter, now constituting 
coal beds, they sometimes present traces of water action on their 
surfaces, much reminding us of the erosion to be seen upon ex- 
tensive areas of bog, channels being cut out by drainage and run- 
ning waters. Sands have been sometimes drifted above such sheets 
of vegetable matter, before they Fig. 1 89. 


became consolidated, mud, or , — . .. 

even sands, first covering 

them, being removed, as in the •• 

following section (fig. 189) — 


where d is a coal bed reposing on an ancient soil, e, full of roots 
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(JStigrnaria)^ and c is mud (shale) first covering the vegetable 
matter (coal), but which was subsequently cut into by the water 
drifting the sand (sandstone) a deposit covered subsequently 
by mud (shale) a. In this manner many a portion of the bed 
once resting on coal may be found swept away in parts, even 
to the removal of portions of the coal beds themselves. The 
Forest of Dean presents an excellent example of channels cut in 
the vegetable matter (now forming coal) of a particular portion 
of the coal measures there seen. The chief channel represented 
in the annexed plan (a, i, fig. 190), has long been known to 

Fig. 190. 



the colliers of the district as the ‘‘ Horse.” Mr. Buddie very 
carefully examined the circumstances connected with the ‘ ' Horse” 
and its tributaries (e, c, c), known as the “ Lows,” whence it^ 
would appear that when the vegetation was in an easily-removable 
state, like that of some bogs, drainage water had cut out a main 
and subsidiary channels, into which a subsequent deposit of sand 
was thrown down, covering over the whole surface, as any sand 
deposit might now do a great area of bog if submerged.* 

As proving that the unequal action of water was not confined to 
that on the surfaces of the sheets of vegetable matter, it is needful 
to remark that careful observation will frequently show this to 
have happened with other portions of the coal measures. The 
following section (fig. 191), observed on a cliff, composed of these 


• The “ Horse ” has been followed in the working of the coal-bed in which it 
occurs (that named the Coleford High Delf ) for about two miles, and it has been 
found to vary in breadth from 170 to 340 yards. Quartz pebbles are observed 
in some portions of the sandstone covering up the “ Horse ” and the “ Lows,” as also 
fragments of coal and ironstone.— Buddie, Geological Transactions,” vol. vi. 
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rocks, between Little Haven and Gouldtrop Road, Pembrokeshire, 
may serve to illustrate this circumstance. Herein a deposit of 


Fig. 191. 



mud (shale), a a, seems to have been cut into by a furrow at 5, 
extending to c, the water which made it bearing in sand, and mud 
being again accumulated over the sand at d, A sweep of the sur- 
face appears now to have occurred, and on the side e sands were 
thrown down from mechanical suspension, (the component layers 
being quite flat, and unmarked by diagonal drifting,) into a cavity 
formed in that direction, by which the previous mud deposit, a a, 
was worn away. Circumstances connected with the local mode of 
deposit then changed, and mud, /, was again spread over the 
surface of the first accumulation, its modifications, and the deposits 
which followed those modifications. 

While adverting to various changes produced by the removal 
and deposit of the mineral matter of coal-bearing deposits, it may 
be desirable to notice the evidence often afforded by the coal- 
measures as to the lapse of time during which their accumulation 
was effected. The various growths of plants upon different soils, 
and the general thickness of the mass may, no doubt, be taken as 
evidence of a long lapse of time, though the rapidity of the growth 
•of such plants as are found entombed in these beds may have been 
considerable ; the sand and mud deposits may also have been some- 
what readily effected, and, from a rapid mode of accumulation, the 
soils (imderclaye) may also have been soon formed. When, how- 
ever, pebbles and small grains of coal itsell* are discovered amid 
the sand-drifts and deposits of the period, we seem to advance 
somewhat further in the evidence of a considerable lapse of time. 
We certainly do not know that required, under fitting conditions, 
for converting the vegetation of the kind and period into the coal, 
so that beds of it, partially broken up, could be used as a portion 
of the higher deposits of the general mass. Herein there may be 
somewhat of a diflSculty. Still, viewing the subject generally, and 
with due reference to the action of running water on land, or 
breaker action on the shores of waters, also required, no little lapse 
of time would appear needed for the changes in the vegetable 

2 L 
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matter, its removal in part, and its redeposit. It sometimes 
happens in certain coal-measure districts, that the ironstone also of 
previously-formed strata have in like manner been broken up, and 
pebbles of them drifted into beds amid other detrltal deposits. 
Whatever may be the time required, there has been sufficient 
for the production of the coal, the consolidation of the ironstone, 
the breaking up of both, and their distribution in higher portions 
of a series of generally similar accumulations. When sufficiently 
large, the pebbles of coal (and they are sometimes discovered two 
or three inches in diameter) often exhibit the jointed or cleavage 
structure of the beds whence they were derived, their planes of 
cleavage taking various directions in the coal-pebble beds of which 
they now form parts, while the cleavage of the outside portions of 
the stems of Sigillaria^ occasionally drifted with them, and con- 
verted into coal, have a constant direction in the same beds. 
Moreover, rounded portions of coal of a distinct character, and 
known in lower portions of the general deposits, have been found 
higher in the series, and little doubt can exist that at the time 
they were detached, they had undergone the same order of change 
as their parent beds, and that, even if these have been still further 
modified, the same modification from similarity of structure had 
extended, under the same general influence to which the whole 
mass of these deposits has been exposed, to these pebbles also. 
Certain beds, well exhibited amid the quarries of the Town Hill, 
Swansea, are highly illustrative of the pell-mell drift of such coal- 
pebbles with stems of Sigillaria, the latter showing the forms of 
many a coal-pebble beneath, the plants having conformed in a soft 
state to the hard pebbles of the coal, itself a substance probably 
derived from plants of the same genus, and often also of the same 
species as the stems, intermingled and entangled in the common 
drift. 

The necessity of land for the sufficient supply of the dctrital 
matter of the coal measures ” would appear a somewhat needful 
condition carefully to be borne in mind, since the mass of the coal 
measures of the British Islands would require its contents to be 
measured by no small amount of cubic miles of mineral matter, 
worn away from some other position which its parent rocks, even 
themselves, perhaps, detrital, may have occupied at a distance 
whence they could have been moved. 

An observer has next to inquire how far the removal of this 
large amoimt of detritus has been accomplished by breaker action, 
or by other means, for distribution at the bottom of water. Here 
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the great sheets of vegetation, based upon old soils in many situa- 
tions, and often so frequently repeated, afford him important aid, 
inasmuch as they are not composed of marine plants, neither are 
the numerous upright stems, in their places of growth, marine. 
Over some wide spaces, and through considerable thicknesses of 
deposits, no trace of a sea-bottom is found, though the remains of 
molluscs, inferred to be forms similar to those now detected in 
rivers or fresh-water lakes, have been discovered. While this may 
be true in many districts, and through considerable thickness, it is 
not so as a whole even for the comparatively limited area of the 
British Islands, for here and there the forms of marine molluscs 
arc discovered amid the other deposits. Proceeding from south 
to north over this area, it is found that the remains of other 
marine animals, as well as molluscs, are entombed in beds inter- 
stratlfied with the coal deposits, even somewhat thick limestones 
affording evidence of the presence of the sea for a time sufficient, 
at intervals, for the growth and continued increase of different 
marine creatures.* Duly flattening out all the present inequalities 
of the British coal districts, and reducing the whole towards hori- 
zontality, sc\'eral thousand square miles of tolerably even groimd 
would appear to present themselves, much reminding us of some great 
delta, such as those of the Ganges, the Quorra, or the Mississippi, 
in a state of descent as regards the level of the ocean, in such a 
manner that, as the land was depressed, and the fall and velocity 
of some great river or rivers for the time increased, detritus was 
borne readily onwards over sinking sheets of vegetation. 

That some sheets of vegetation should be more extensive than 
others could scarcely otherwise than happen under such conditions ; 
or that occasionally also the sea waters became introduced, should 
there be any partial subsidence so great that these waters entered 
areas of different dimensions, while lakes of fresh water were 
tenanted by suitable inhabitants, and even limestones were formed, 


* Except in some rare and higher part of the carboniferous limestone series, 
even small coal-seams cannot be traced in that rock in South-Western England and 
South Wales. The mass of the coal measures of the same district, notwithstanding 
its great thickness, exhibits no admixture of marine remains with those of terrestrial 
vegetation and of the molluscs possessing forms resembling those now inhabiting 
fresh waters. The same general conditions appear to have reached as far north, in 
the British Islands, as Northern Wales and Derbyshire. Still further north, however, 
coal-beds become more intermingled with the mass of supporting calcareous deposits 
(mountain or carboniferous limestones), so that the latter include among them shales, 
sandstones, and coals ; thus showing that, in the northern portion of this area, the 
conditions for the growth and entombment of this kind of vegetation commenced at 
an earlier geological period than in the southern. 

9 l2 
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embedding their remains. That the general conditions should be 
introduced earlier at one portion of a given area than another, 
might be anticipated, if some general sea-bottom, preceding any 
extension of a delta or accumulation of that order, had been suffi- 
ciently raised either by the amount of deposits thrown down upon 
it, or by general movements in the mass of such sea-bottom and 
adjoining dry land, so that the vegetation of the low flat grounds 
of the time could flourish. To whatever extent this or any other 
view of a similar kind may assist observation with respect to the 
general circumstances connected with these coal deposits, the geo- 
logist, in search of evidence of dry lands in certain portions of the 
earth’s surface at given geological times, should carefully attend to 
any which may present itself in favour of terrestrial plants having 
grown at, or near, the place where their remains are now discovered. 
It will readily be inferred that circumstances may have occurred 
at different geological dates, in fitting situations, under which 
vegetation may have been entombed, producing layers of carbona- 
ceous matter in different conditions of change, so that anthracite, 
bituminous coals, or lignite may now occur among the mud, silt, 
sand, and gravel, accumulated at those different dates. This is 
now well understood ; and the deposits to which the term “ coal 
measures” has been especially assigned in Europe and North 
America, have only been selected for notice, because of easy access 
in several parts of those continents. Coal deposits of importance 
are now well known in Asia, Australia, and some other regions. 
How far there may be proof* of the growth, in place, of the plants 
which have furnished the materials for the carbonaceous portions of 
these accumulations, becomes a matter of no slight geological, 
interest, as supplying information not only of the dry land of the 
relative time which the general evidence may lead us to infer most 
probable, but also as to the kind of vegetation which, under certain 
conditions, flourished at such times in given regions. 

To return to the comparatively limited area of the British Islands 
for the purpose of again illustrating how much may sometimes, 
under favourable circumstances, be observed in minor portions of 
the earth’s surface, we find two other instances at different geolo- 
gical dates ; one, during the accumulation of the group of* beds 
known as the oolitic series, and the other, at the close of its deposit, 
when vertical stems so occur that we have further evidence of 
plants entombed in their places of growth. The coal-beds of the 
oolitic series in Yorkshire have been long known as occurring on a 
geological horizon,” to adopt the term of Humboldt, with lime- 
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stones, and clays, replete with marine organic remains, on the south 
of England ; and Sir Roderick Murchison pointed out in 1832, that 
the vertical stems of the JEquisetum columnare, apparently in the 
positions in which they grew, were not only found in the shale and 
sandstone of these deposits on the coast, but also at a distance of 40 
miles on the north-western escarpment of the Yorkshire moor-land, 
pointing to the submersion of many square miles of groimd in such 
a manner that the plants were quietly entombed in the mud or 
sand accumulating round them.* 

The Island of’ Portland, on the coast of Dorsetshire, also affords 
evidence of trees in place, some standing as they grew, with the 
soil preserved in which they spread their roots. These soils have 
long been known by the quarrymen of the island as the “dirt 
beds.”t While some trees are rooted in their ancient soils, others 
are prostrate, in the manner represented in the following section 
(fig. 192); one much reminding us of the “submarine or sunk 
forests” (fig. 152, p. 447) so frequent on the shores of Western 
Europe. In this sectionj the erect and prostrate remains of trees. 


Fig. 192. 



among which occur those of cycadeous plants, with the soil of the 
period {a, 5), repose on a calcareous rock (<?, c) containing the 
remains of fresh-water animals, and resting upon the marine oolitic 
limestones {d, d), commonly known as the Portland oolite. Above 
the remains of the trees and cycadeous j)Uints there are other calca- 
reous deposits (e,e), also containing animal remains pointing to their 
accumulation in fresh waters, and known as the Purbeck beds, from 
being well exhibited at that locality, on the coast eastward from 
Portland. 

Thus the vegetation and the soil upon which it flourished are 


* Murchison, “ Proceedings of the Geological Society,” vol. i., p. 391. 
t These beds were first described by Mr. Webster, “Geol. Trans.,” vol. ii., p. 41. 

X As many as three of these “ dirt-beds ” have been noticed in some parts of this 
series of deposits in Portland— different remains of successive soils, perhaps not always 
of exactly the same equal date, though representing general conditions of the time. 
Only one of such “ dirt-beds ” is represented in the section, for more clear illustration 
of the general circumsUnccs under consideration. 
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included in an accumulation effected in fresh water, implying that 
dry land existed somewhere in the vicinity anterior to the growth 
of the trees. From an attentive examination of the district,* 
Professor E. Forbes found that the fresh- water animals, the remains 
of which occur in the lower part of the covering beds, were not 
changed by the conditions permitting the production of the “ dirt- 
beds,” and the growth of the plants, being the same as in the 
calcareous beds immediately beneath. He found, moreover, that 
there had been three successions of species in the Purbeck deposits. 
As to the general character of those beds, the Professor ascertained 
that while the higher and lower accumulations bear evidence (from 
their organic contents) of having been deposited in fresh waters, 
the central portion points to alternations of f resh water, brackish 
water, and sea. Altogether a highly-interesting series of facts, 
showing a disappearance of the sea, and the formation of dry land, 
by which animals inhabiting fresh water could obtain the conditions 
for their existence, the actual evidence of this dry land in particular 
portions of the area, and the continuance of the fresh-water accu- 
mulations by some change, during which, while the soil or soils 
became submerged beneath the fresh water, the sea was not admitted. 
A time came, however, when the sea was let in, brackish water 
also occurring ; but this did not last, for we again find fresh- water 
deposits above these beds. Professor E. Forbes mentions, that so 
far as the remains of the invertebrate animals extend, it would be 
impossible, without the evidence to be obtained from superposition 
of other accumulations, to say whether the fresh-water deposits 
belonged to the oolitic, cretaceous, or tertiary series of rocks.t 
Eeferring back to the time (p. 480), when a depression of the 
lands then above water in the area of Southern England was in 


♦ The ancient soil, with its trees, some prostrate, and others in their place of 
growth, is not confined to the Isle of Portland. It may be also well seen amid beds of 
the Purbeck scries, in the east cliff of Lulworth Cove, a few miles to the eastward. 
With r^ard to the further extension of these conditions at that geological time, it 
should be observed, that Dr. Fitton mentions an earthy bed in the same geological 
position in Buckinghamshire and the Vale of Wardour, as also in the cliffs of the 
Boulonuais. Silicified wood is found in a bituminous bed from Boulogne to Cap 
Gris-nez (“Geological Sketch of the Vicinity of Hastings,” 1833, p. 76.) A “dirt- 
bed” is noticed by Dr. Buckland as occurring, in its geological place, near Thame, 
in Oxfordshire ; and Dr. Mantell mentions one as found at Swindon, Wiltshire, on 
the top of the Portland beds, fossil coniferous wood being seen in abundance, with a 
few examples of Mantellia. “ Wonders of Geology,” 6th edit, vol. i., p. 390. 

t Among other important observations, Professor K. Forbes found tliat although 
a bed of oysters {Odrea distorta), occurs as the most conspicuous feature of the 
middle division of the Purbeck beds, the fresh-w'atcr fauna of the time was not 
interrupted. 
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progress, so that the lower part of the oolitic series of deposits 
(various limestones, sometimes oolitic,* sands, and clays), spread 
over the submerged rocks, the animals of the period even boring 
into them under favourable conditions (p. 486), the depression 
apparently ceased not long after that geological date. Whether 
the sea-bottom and adjacent lands then took a contrary movement, 
rising gradually, so that the area occupied by sea was diminished, 
and the shores extended, or that, remaining stationary, the detrital 
and animal accumulations so filled up the seas around that the 
shores were thrown back, or that both these causes were in opera- 
tion, it would appear that the remainder of the limestones, sands, 
and clays of the oolitic series, with their animal remains, was 
formed within a gradually-diminishing area, as far as that of the 
British Islands was concerned, so that finally, in a particular portion 
of it, the conditions prevailed which produced the results observed 
in Dorsetshire, and by which the existence of dry land in particular 
spots is proved, the remains of trees being found rooted in the soil 
in which they grew. 

The change from sea to dry land conditions would appear to have 
further continued, for upon these lower (Purbeck) accumulations 
marked by the remains of fresh-water animals, a very considerable 
depth of deposits is found, pointing to the presence of some large 
river or body of fresh water in the area of South-eastern England. 
These accumulations, with the Purbeck beds, are now commonly 
known as the Wealden series, a name derived from the beds of that 
geological time found in the Weald of Sussex, for our first know- 
ledge and numerous subsequent illustrations of which we are in- 
debted to Dr. MantclLt These beds, consisting of ancient mud, 
sands, and calcareous accumulations, are not only marked by the re- 
mains of fresh-water molluscs, but also contain those of remarkable 
reptiles (Iguanodm, &c.), of gigantic size,$ and of terrestrial plants 
growing in the banks of, or swept down by a river, the matter borne 

♦ The calcareous grains so united together as to resemble the roe of some fishes, 
whence also the name roe-stone for this description of rock. 

t The Tilgate beds were described by Dr. Mantell in 1822, in his “fossils of the 
South Downs,” and the same year he communicated the joint observations of Sir 
Charles Lyell and himself os to the extension of these btnls over the Weald. The 
observer wiU find an excellent summary of the Wealden series, as known in England, 
and on the continent of Europe, in Dr. Mantell’s “ W^onders of Geology,” 6th edition, 
vol. i., pp. 360-449. He should also consult the works of Dr. Fitton on the lower 
part of the cretaceous series (greensand, &c.), contained in the “ Geological Trans- 
actions and Proceedings,” and hewiU find much instruction in his “Guide to the 

Geology of Hastings.” . , i v 

X For the knowledge of these, also, geologists arc indebted to the labours oi Dr 

Mantell. 
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in mechanical suspension in it covering the whole up, as fitting 
circumstances for the deposits occurred. That an elevation of a 
mass of land, and its adjoining sea-bottom might first produce 
variable mixtures of lakes and minor estuaries, and, finally, some 
larger rivers, will readily be seen, by considering the efiects which 
would be produced by an elevation which should extend the coast 
line of the British Islands and the continent of Europe from Nor- 
way to the Pyrenees (figs. 65 and 99), so that the present drainage 
of Western Europe from Ushant to Norway, and from the Land's 
End, by the east coast of Great Britain, to the north of Scotland, 
should be thrown into two chief drainage depressions, divided at 
the Straits of Dover, or thereabouts. At first, as the sea-bottom 
gradually rose, there would be many minor admixtures of estuaries 
and of bodies of water subsequently rendered fresh, until, finally, 
all the rivers draining into the Baltic, with those now finding 
their way into the North Sea (Elbe, Weser, Ems, Rhine), would 
have to flow outwards, more or less uniting at difierent distances, 
together with the drainage of the new area of dry land, into the 
Atlantic, between the Shetland Isles and Norway, perhaps some- 
what about the submarine gulf stretching down southerly between 
them (fig. 65). While this happened on the north, all the rivers 
in the English Channel would be more or less united, and flow 
out into the Atlantic by the greatest depression between the Land’s 
End and Ushant, the drainage waters of the new dry land being 
also added to them. In both cases marine deposits would be suc- 
ceeded at first by many intermingled estuary and fresh-water accu- 
mulations of various extent, and, finally, by those marking at the 
mouth of the English Channel, and between the Shetland Isles 
and Norway, the presence of far greater rivers than those which 
now discharge their waters into any of the seas bounding Western 
Europe from Norway to the P 3 rrenees. While the Loire and the 
Garonne might readily extend their courses without union over 
the new dry land, (a portion of the Bay of Biscay,) more com- 
plication would arise amid the rivers of the west part of Great 
Britain and around Ireland. Looking, however, to the charts, 
there would be a tendency to gather waters together into great 
rivers outwards between Northern Ireland and Scotland, and be- 
tween Southern Ireland and the Land’s End. 

While thus so far advanced upon the changes which have 
occurred with regard to the presence and disappearance of dry 
land in so limited an area as that which has been noticed, it may 
not be undesirable t<5 advert to the great change which subsequently 
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converted a very extended portion of the same part of the earth’s 
surface again into a sea-bottom, upon which a considerable thickness 
of mud and sands (greensands and gault), with a thick covering of 
calcareous matter (chalk) was accumulated. This was apparently 
accomplished by a somewhat gradual depression of a sea-bottom 
making way for the detritus borne to, and over it, in addition to so 
much of the volume of deposit as was due solely to the accumu- 
lation of the hard parts of marine animals, for the evidence is in 
favour of a greater general area being gradually covered, as this 
portion of geological time advanced, so that the higher beds over- 
lapped or overspread the lower, the upper members of this series of 
deposits (the cretaceous), thus reaching beyond the lower in Northern 
and in South-western England. Again, conditions changed over 
the same area, and in the supra-cretaceous or tertiary time we find 
deposits according with such altered circumstances, and showing 
that dry land was then intermingled with sea ; that there were 
estuaries and fresh-water lakes; and moreover, that there were 
oscillations of the land and sea-bottom, producing submersion 
beneath and emergence above the level of the adjacent ocean. 
These oscillations and their consequences have been, as we have 
seen (p. 445), continued up to the present adjustments of land and 
water, when we have atmospheric influences and the sea wearing 
away the former, the matter thus removed variably dispersed along 
the shores and over the adjacent sea-bottom, no doubt entombing a 
mass of the remains of the vegetable and animal life of the time 
and area — the whole, with the dry land and its lakes, rivers, and 
estuaries, ready to be elevated above, or depressed beneath, the 
ocean level, as has happened over the same area at previous geo- 
logical times. 
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MODE OF ACCUMULATION OF DETRITAL AND FOSSILIFEROUS ROCKS CONTINUED. 
— CRACKED SURFACES OF DEPOSITS. — FOOT-PRINTS OF AIR-BREATHING 
ANIMALS ON SURFACES OF ROCKS. — RAIN-MARKS ON ROCK SURFACES. — 
EFFECTS OF ELEVATION OR DEPRESSION OF THE OCEAN BOTTOM.— CHA- 
RACTER OF ROCK SURFACES. — FRICTION MARKS ON ROCK SURFACES. — 
EFFECTS OF EARTHQUAKES ON SEA-BOTTOMS.— DIAGONAL ARRANGEMENT 
OP MINOR PARTS OF BEDS OP DETRITAL ROCKS. — MODE OF OCCURRENCE 
OF ORGANIC REMAINS. — DISTRIBUTION OF ORGANIC REMAINS,— EFFECT OF 
THE RISE AND DESCENT OF LAND ON THE DISTRIBUTION OF ORGANIC 
REMAINS. — DISTRIBUTION OF ORGANIC REMAINS WITH RESPECT TO KINDS 
OF SEA-BOTTOMS.— INFUSORUL REMAINS. — CHEMICAL COMPOSITION OF 
ORGANIC REMAINS.— CAUTION AS TO FORMS OF LIFE SUPPOSED CHARACTER- 
ISTIC OF DIFFERENT GEOLOGICAL TIMES. 

The footprints of air-breathing animals and cracked surfaces of 
beds afford the observer the means of judging of the presence of 
dry land at particular times. These have of late received their 
well-deserved share of attention. Although, as in the plan beneath 

Fig, 193. 



(fig. 193), when uncovering a clay or shale bed, he detects a 
splitting of parts corresponding with that seen upon the drying of 
any mud or clay surface exposed to the sun and air, he would be 
led to infer the contact of the atmosphere with such a surface, and 
the consequent presence of land, so as at least to permit a space to 
exposed for a time sufficient to produce this amount of desicca- 
tion ; such, for example, as on somewhat flat shores upon which 
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there were great differences in the spring and neap tides (p. 78), 
the evidence becomes more perfect, by the addition of the well- 
marked footprints of animals. Such footprints have now been 
found in various parts of the world — Europe, Asia, and America — 
with and without the evidences of* the cracks pointing to exposure 
of the atmosphere, and are highly important, as showing the tread 
of animals on shores or in waters so shallow and tranquil, that 
creatures breathing in the air and walking on soft ground left the 
prints of their footsteps uninjured behind them. The following 
sketch (^fig. 194) is taken from the figure by Dr. Sickler, of foot- 

Fig. 194. 



prints in the red sandstone quarry at Hessberg, near Hildburghau- 
sen, Saxony,* and well illustrates both such impressions and cracks 
from desiccation. While these footprints have been considered as 
those of reptiles, some of gigantic Batrachians, others have been 
discovered of forms from which they have been attributed to birds 
of different species and sizes. To these Professor Hitchcock long 
since called attention as occurring in a red sandstone series in the 
valley of the Connecticut, United Sta tes.f The Mowing sketch 

* These footprints appear to have attracted attention at Hessberg, about 1833 or 
1834, when they were described by Dr. Hohnbaum and Professor Kaup, the latter of 
whom gave tlio animals considered to have formed them the name of Chirothertum. 
Dr Sickler published a further account of them in a letter to Blumenbach, in 1834. 
Prior to this discovery (1828), Dr. Duncan gave an account (Transactions of the 
Royal Society of Edinburgh, vol. xi.) of similar footsteps found in the new red sand- 
stones of Corn Cockle Muir, Dumfriesshire, and in 1834, Dr. Duncan informed Dr. 
Buckland (Bridgwater Treatise, vol. i., p. 259) that like impressions had bera found 
in the same series of deposits, 10 miles from the former locality, and 2 miles from the 

town of Dumfries. . 

t Professor HUchock described these footprints under the name of Omit^tmte*, 
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(fig. 195 ) is taken from among the illustrations given by the 
Professor : — 


Fig. 195. 



The footsteps attributed to reptiles have, in part, been assigned 
as probable to the Labyrinthodm, one whose bones have been dis- 
covered in the same series of deposits. As still further showing 
contact of the air with mud or sand where these or other animals 
have left the imprints of their feet, marks in the same as well as 
other surfaces of associated beds have been discovered, strongly 
resembling those left on clay or sand by a heavy fall of rain, such 
as may often be observed on coasts when the tide is out.* These 
various impressions have usually been made upon layers of clay 
or mud, sand having been tranquilly accumulated over the har- 
dened surface retaining the footprints and other marks. As the 
resulting marl, clay, or shale is frequently broken by the re- 
moval of the sandstone bed covering it, the lower surface of the 
latter usually reveals the condition of the upper surface of the 
former, before it was overspread by the sand. At the same time , 
we have seen impressions on the upper surfaces of sandstones them- 
selves, which, though not so well defined, resemble footprints on 
sand subsequently and quietly covered over by mud.t 


in the American Journal of Science, vol. xxix., 1836, and also in his Report on the 
Geology of Massachusetts. Sir Charles Lyell also gives an account of them in his 
** Travels in North America,” chap 12. The footprints are of various sizes, some not 
longer than those of our common sanderlings, while others exceed that of the ostrich, 
measuring 15 inches in length, exclusive of the largest claw, two inches long. Dr. 
Buckland, remarking on the dimensions of this supposed bird, observes (Bridgewater 
Treatise, vol. ii., p. 40), that “ in the African ostrich, which weighs 100 lbs., and 
is nine feet high, the length of the leg is about four feet, and that of the foot ten 
inches.” 

♦ An illustrative figure of the impression of rain drops upon the same slab with 
that of a biped, from the red sandstone series of Massachusetts, is given by Dr. 
Mantell, in his “Wonders of Geology,” vol. ii., p. 556. 

t The footprints, noticed in the text as discovered in Asia, were found impressed 
upon red sandstone in India, by Lieut. Pratt. 
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Of whatever animals the footprints may have been, with the 
cracks from the exposure of surfaces of mud and clay to desiccation 
in the air, and the marks resembling rain drops — lor these, how- 
ever singular they may appear, are not to be neglected — they 
show us that, during the deposits of the layers or beds of sand, silt, 
or mud in which they occur, dry land was there at hand also, and 
that the beds themselves may have formed part of its shores, as 
those in the Bay of Fundy,* in the Bristol Channel,! and in 
numerous other localities, where similar and fitting conditions 
present themselves, now do. The mere piling of layer upon layer 
on shores of this kind has been found sufficient to preserve such 
marks fp. 128 ) ; and when this is combined with a quiet sub- 
mersion of the locality, so that the layers of deposit are little, if 
at all, broken up, a considerable thickness of beds marked in this 
manner may be, as they apparently have been, accumulated in 
succession, until finally the fitting conditions cease, and the pre- 
servation of such impressions can no longer be effected. 

However desirable it is for an observer thus to trace, by means 
of beaches, fresh or brackish water deposits, the footprints of 
animals on shores and the remains of plants rooted in then- 
places of growth, the presence ol’ dry land on different parts of the 
earth’s surface (for the circumstances which have been noticed by 
way of illustration are applicable, with certain modifications, to 
many other regions), in some districts he finds himself so com- 
pletely surrounded by ancient sea-bottoms, piled up in various 
modes in succession, that he cannot avail himself of the aid which 
this knowledge of the probable position of the dry lands of given 
geological times may afford him. Although aware that the wear- 
ing away of the mineral masses forming dry land, furnished, with 
the stirring up of sediment from shallow depths by wave action, 
the materials for the detrital accumulations he may have before 
him, and which may alone contain the remains of marine life, 
slioidd the arrangement of their inorganic component parts merely 
point to a deposit from mechanical suspension in water, he might 
still be at a loss as to the direction or character of the dry land of 


♦ Sir Charles Lyell has figured the recent footprints of the sandpiper on the shores 
of the Bay of Fundy, in his ‘‘Travels in North America,” vol. ii., pi. vii., and has 
presented specimens illustrative of the preservation of these footprints in different 
layers, deposited in succession, to the British Museum, and to the collections of the 
Museum of Practical Geology. 

f We have frequently collected good examples of footprints of different kinds pre- 
served in the muddy banks of this channel, left dry and hardened in hot summer 
weather, on the wide spaces between tlie lines of neap and spring tides. 
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the time. A study of the charts of many different regions will 
show that mud is found as well near coasts as remote from them, 
according as the required tranquillity for deposit and subsequent 
rest may prevail, though as a whole wind-wave action upon sea- 
bottoms, at depths where it can have influence, tends so to sift 
those bottoms as to remove muddy sediment further away from 
land than sand. 

When all the modes of distributing detrital matter, above-men- 
tioned as now in progress in tidal or tideless seas (pp. 63, 77), are 
combined with movements of dry land and sea-bottoms, sometimes 
upwards, at others in the contrary direction, it is evident that, in 
addition to the consequences of such movements on coasts and sea- 
bottoms adjoining them, it might ofien happen that considerable 
areas may be elevated or depressed in the sea itself without rising 
above its surface into the atmosphere. Mere points constituting 
their higher portions may now and then be protruded and be acted 
upon by breakers and atmospheric influences, the detritus thence 
arising being scattered around, and arranged by tidal streams, or 
transported, especially the finer matter, in a broader and more 
distant manner by ocean currents, still able to force their way 
amidst these minor obstacles to their courses. The floor of the 
ocean is not yet so well known as probably it will be at some 
future time, when systematic researches in this direction may be 
deemed important by maritime nations. The depths, nevertheless, 
of certain points have been ascertained, more especially of late years, 
sufficient to render it probable that very important aid to geo- 
logical inferences would be obtained by more extended information 
on this head. 

While, on the one hand, the distribution of detritus outwards by 
the great rivers of the world, draining large portions of continents 
and pushing forward their deltas, has to be well borne in mind, on 
the other, such changes as shall raise a mass of sea-bottom, scattered 
higher portions of which may or may not now rise into the atmo- 
sphere, should receive their due attention. If the extent of sea- 
bottom, above which various points rise and form the multitude of 
isles and islets of the Polynesian groups in the Pacific, were to be 
gradually elevated so as to constitute some great continent of dry 
land, no great deltas would be raised — at least none now in 
progress— whatever former conditions of that part of the earth’s 
surface may have produced ; and it would only be by degrees that 
the drainage of the new land formed rivers, these uniting into 
larger streams as the dry land became extended, some, perhaps, 
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finally of the magnitude and importance of the present great rivers 
of the world.* 

Although detrital matter deposited from mechanical suspension 
in water, and arranged in layers and beds, may not, from the 
structure of the interior portions of the layers or beds themselves, 
present much information as to the depths of the water beneath 
which they have been accumulated, while they may, as they often 
do, exhibit the proof of a multitude of very thin layers having been 
thrown down above each other (as many, perhaps, as twenty or 
thirty of these in one inch of depth), their surfcces often aid most 
materially in affording valuable information on this head. It fre- 
quently happens that the under surfaces may be useful as well as 
the upper, inasmuch as they often give the imprint of the former 
condition of the surfaces of layers or beds which they cover, the 
materials of which were of a perishable kind when raised into 
situations where the percolation of water either softened or even 
removed them. Thus the upper surfaces of shales, or hard clays, 
may be converted into mud or soft clay, in which all traces of their 
original state are lost, while some sandstones above them, the con- 
solidated sand which covered over the impressions left on these 
surfaces of clay or hard mud, preserve reversed impressions of the 
state of the old sea-bottom before it was covered up. Under the 
conditions which so fu vquently present themselves, while alternat- 
ing or intermingled beds of shales, clays, and sandstones are under 
examination, and occasionally, also, limestones, and it is considered 
desirable, if possible, to trace the state of the upper surfaces of th'" 
mud or clay before they were covered up, the under surfaces of the 
.present hard beds above them should be carefully studied. The 
search will frequently reward the geologist with an excellent picture 
of such old surfaces of sea-bottoms, with their various markings, 
even to the impressions left by the crawlings or way-tracks of the 
molluscs of the time. There is a class of surface conditions on con- 
solidated layers of sand and silt (sandstone and arenaceous shale), 
to wliich the term ripple-marh has been applied, from a supposed 


♦ If the observer will follow out this supposed uprise of the area in question, he 
will find numerous subjects of interest connected with it, which, though many may be 
sufiiciently obvious, such as the mode of occurrence of the coral accumulations now 
in progress, their modifications os the dry land became extended, the effects of tides 
and altered courses of ocean currents during the change, the modified distribution of 
animal and vegetable life on the land and in the seas adjoining, the chances of salt or 
fresh water lakes, mediterranean seas, or the like, are yet, collectively, of importance 
to be well borne in mind while he may be occupied upon the geological effects which 
would thence arise. 
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resemblance to the ripple produced by light winds on water, or the 
condition of many tracts of sand on the retreat of the tide, that 
would afford most valuable information as to the depths at which 
the layers or beds were situated beneath water when any such 
markings were produced, were it not that such kinds of surface 
might frequently arise from similar conditions at different depths- 
We have previously mentioned (p. 90), the friction of streams or 
currents of water on sandy surfaces beneath them, ridging and fur- 
rowing the yielding matter. Such may be often seen on the sur- 
faces of sandstone beds, the ridges and furrows well preserved, as 
beneath (fig. 196), so that by carefully studying the steep sides of 


Fig. 196. 





the ridges, the direction taken by the moving water at the time 
may be determined. In this case it is assumed that a section taken 
across at a J would give tliat shown by c d, one pointing to tlie 
course of the mo'vdng water from a to If we were sure of the 
depths at which existing ocean currents swept sands at the sea- 
bottoms beneath them, producing surfaces of this kind, some guide 
would be obtained to the range of depths, from a few feet down- .. 
wards, at which, only measuring by the amount of force now in 
action, these effects could follow. Herein, however, there is much 
uncertainty. From the experiment of Sir Edward Belcher, off' the 
west coast of Africa (lat. 15^ 27' 9'' N., and long, 17® 31' 50 ' W.), 
it would appear that a current there found moved with nearly tlie 
same velocity (0*75 nautical miles per hour) at the depth ol' 240 
feet (40 fathoms) as at the surface. When we regard the great 
ocean currents of the world, with the probable masses of water put 
into movement in given directions at the same time, it may not be 
improbable that comparatively considerable depths are exposed to 
conditions where the ridging and furrowing of sand an<J silt sea- 
bottoms may be produced. It has also to be recollected that as 
large surfaces of sea-bottoms may be raised or depressed, from some 
of the more general movements of the solid parts of the earth’s 
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surface, very considerable areas could be brought up to the action 
of ocean currents, or removed beneath their influence. 

Upon carefully studying the surfaces of great banks and flat 
tracts of sand which are somewhat suddenly drained by a retiring 
tide, so that they arc not much altered by the action of the small 
waves or heavy breakers of the time, as the case may be, the 
geologist will frequently find, as already noticed (p. 90 ), a mixed 
adjustment of inequalities, partly due to the movement of* the 
waves before the superincumbent water passed away, and in part 
to the friction of this water draining off* the banks and sandy flats. 
These ridged and furrowed surfaces are occasionally somewhat ex- 
tensive wh(‘n the sea deserts a considerat)le area in a short time, so 
that friction is prcKluced ratlicr suddenly in some general direction. 
This will often happen when there may be a heavy sea on shore, as 
the groat waves break at a proportionate distance outwards upon 
the shallows during the progress of the ebb-tide, minor action only 
taking place nearer the coast, where, the great body moving out- 
wards, the ridging and furrowing by friction on the sands may 
point to the chief movement, with the sharp escarpment of the 
fiirrows often seaward, though the wash of the breakers would tend 
to drive sand before them while rushing on shore. 

Where, as on many great banks dry at low tides at the mouths 
of estuaries, there may be a complication of surface arising from the 
wave mov ements anterior to the removal of the sea from above 
them and from the friction of waters left to drain off them, it will 
be remarked, as might be anticipated, that much will depend upon 
the state oi‘ i[w weatlu'r and tides of the time. Calms would leave 
•friction-markings, such as might arise from the movement of a 
stream of water over a sand-bank before it was left by the tide, 
more than gales of wind, since the wash of the breakers, as its 
action was felt, would pass over and tend to obliterate the ridges 
and furrows due simply to the stream of tide. The more sudden 
retreat of the sea during the chief spring-tides, from the same 
depths, would lend also to leave the suriaco of a sand-bank more 
marked by any furrowing f*rom the previous flow of a stream of tide 
over it, other circumstances being equal, tlaiu a neap-tide, during 
the descent of which, wave-action might be continued for a longer 
time after the stream of tide ceased to be felt m the surface of the 
bank. 

The surfaces of some layers and beds of rock so resemble tla^se 
which are scon in the last-mentioned situations, partimdarly when 
sufficiently large portions of them are exposed, either on coasis or 

2 M 
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amid highly-inclined strata in mountainous regions, even to the 
apparent minor drainage of waters off sand-banks, that the infer- 
ence of these surfaces having been produced on or near tidal coasts 
(p. 90) somewhat forces itself upon an observer. At the same 
time he will have properly to weigh the probable effects due to 
wind- waves on sea-bottoms at different depths beneath (p. 89), 
and the power thus brought into action of disturbing such bottoms, 
occasionally sifting their constituent parts, so that a tranquilly- 
formed deposit of mud may cover any unequally-disposed surface of 
sand, produced while the agitation of the sea continued. Many 
surfaces of rocks strongly remind us of loose matter* thus moved 
about by the to-and-fro action of an agitated sea above, in the same 
manner as sand may be readily acted upon by agitating water above 
it in conveniently-formed vessels of sufficient dimensions. Such 
approximations to the ridges and furrows of friction upon sands 
and silts in one given direction should be well distinguished from 
the latter. These sections, instead of being as above represented 
(fig. 196), are usually more undulating or evensided, the surfaces 
varying from obscure ranges of depressions, a, b (fig. 197), and 

Fig. 197. 



those somewhat resembling the sharp ridges and furrows of current 
or stream action, c, to unequally-distributed and variably-formed 
elevations and depressions (fig. 198), which require also to be well 
separated from concretions, to be noticed hereafter, and which, sul'^ 
ficiently juxtaposed, may present a somewhat similar appearance. 


Fig. 198. 



With regard to the surfaces of sea-bottoms, now consolidated 
into hard layers and beds of rock, attention should' be paid to the 
probable modifications of them, even at great depths, by the pas- 
sage of earthquake movements, shaking these surfaces in contact 
with the superincumbent water. In some regions, such move- 
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merits can scarcely be otherwise than frequent, the force employed 
being sometimes so considerable, and its application repeated in 
such quick succession, that the finer sediment may be shaken 
up into a mechanical suspension whence it would require some 
lapse of time again to settle and cover over the heavier bodies, 
taking superficial arrangements according to the vibrations pro- 
duced by the earthquake, the kind of substances acted upon, and 
their mode of previous distribution. In cases of fissures produced 
beneath the sea, as on land, during earthquakes, the consequent 
disturbance of adjoining sea-bottoms has also to be regarded. Thus 
the effects of the transmission of earthquake vibrations both on the 
large and minor scales, those of the great sea-wave, and of the 
smaller movements produced by the contact of the sea-bottom and 
water above it, the earthquake vibration travelling faster through 
the former than the latter, have also to be borne in mind when the 
surfaces of sea-bottoms of even the oldest geological times are under 
consideration, and the geologist is endeavouring to deduce from 
them the probable depths of water beneath w’hich they took the 
forms presented to liis attention. Submarine areas thus disturbed, 
and the surfaces of the sea-bottoms moved, could scarcely often be 
otherwise tlian considerable, the effects, no doubt, modified by 
relative deptlis of the water, the facility with which the vibrations 
could be transmitted through the various supporting bodies, and the 
like. Itidgos and furrows may be raised in certain localities by the 
onward courses of cliief‘ sea- waves in the shallower waters, and not 
be again wholly obliterated, though often modified in form befo: 3 
they were finally covered up and secured in shape until constituting 
a portion of hard rock. 

Wliile there may often be much uncertainty as to the depths at 
which the component parts of layers and beds of rock, even with 
ridges and furrows on their surfaces, Inne been thrown down from 
the waters in which they have been previously held in mechanical 
suspension, when unaided by other e^ idence, the arrangement of 
pin ts resulting from the pushing of detrital matter forward on the 
bottom often seems to point to somewhat shallow waters. In this 
Case, again, as tlie deptli is uncertain to which currents may act on 
sea-bottoms, these unequal, like those at the edge of the soundings 
of 1,200 feet (200 fathoms), from Spain round the British Islands 
to Norway (p. 400), so that sedimentary matter derived from 
adjacent lands is transported and pushed along the bottom into the 
hollows, tlic like eflects may be produced at far greater depths than 
is usually inferred. Supposing an ocean current or tidal stream so 
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to act as to push forward detrital substances from some land afibrd- 
ing the required amount of increase to the general mass of previous 
accumulations, much in the same manner as that to which Mr. 
Austen has called attention,* so that after spreading over a some- 
what level sea-bottom, the general Increase had to be provided lc)r 
still further outwards over uneven ground, the matter tlius shoved 
on would have to fall over into deeper waters, and arrange itself 
much as on the outskirts of rivers delivering their detritus into 
deep and tideless seas or other still waters (p. 44). In this manner 
even sandy beds, affording sections of the component layers ar- 
ranged diagonally to their upper and under surfiices, might, as 
before mentioned (p. 67), extend over large and flat accumulations 
of mud, thrown down from mechanical suspension. 

Diagonal arrangements of the minor parts, resulting from this 
pushing action along the bottom, arc very common in many sand- 
stones, as well as those wliich, from their occasional organic contents, 
leave little room to doubt were formed beneath the sea, as in those 
so frequent in many parts of the coal-measure accumulations (p. 508). 
These arrangements arc sometimes diversified in a way to show, 
that while some of the sandy matter has thus been forced or bruslied 
onvrards on the bottom, the same kinds of sand were, at other times, 
thrown down in horizontal layers, more pointing to deposit from 
mechanical suspension. Instances of this kind are not rare. The 
following section (fig. 199) of the arenaceous beds, forming a kind 
of passage from the old red sandstone in parts of Ireland to the 
lower and usually shuly beds of the carboniferous limestones (the 
yellow sandstone series of Mr. Griffith), may be found useful. f 


Fig. 



* Austen, on the Valley of the English Channel ; .lournal (>f the (ifological 
Society of London, vol. vi. 

t The section was obtained at Clonea Bay, County Waterford, an interesting 
locality for the study of the upper part of the old red sandstone series and the lower 
part of the carboniferous limestone, more especially wlieii taken in connexion with 
the development of equivalent accumulations at the Hook Point, Cqunty Wexford, 
on the eastward, and the country' near Cork, and extending tlience by Cape Clear to 
Bantry Bay. The whole is highly illustrative of contemporaneous accumulations of 
this geological date, modified by the conditions under whicli they have been forme<l, 
such as varieties of the sedimentary matter carried, puslicd forward, or tiirown dow n, 
according to distance from its supply, and different depths of water. 
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In this section, forming only a portion of a lar more considerable 
thickness and extent of beds, exhibiting general evidence of the 
like kind, a horizontal deposit of sand (e), probably from mecha- 
nical suspension, is covered by a silt {d;, apparently also accumu- 
lated in the same manner. To this layer succeed two beds {c 6), 
pointing to an accumulation from sands pushed or brushed along 
the bottom, there having been a sufficient pause to make a surface 
between them. This condition changed, and horizontal layers (a) 
were again formed. 

The following section (fig. 200) will serve tc show that the 



like unequal distribution of component parts, even extending to 
gravel drills amid sandy and muddy sediment, is to be found among 
still older Ibssilifbrous deposits, being one among many others to 
be seen on the ascent ol* the Glydyr Vawr, on the north-east of 
Snowdon, where the lower Silurian rocks are much mingled with 
volcanic accumulations of that geological time. Among some rocks 
the exposed surfaces as well as sections })oint so much to the shift- 
ing oi’ minor streams or currents, suffici(Mn to carry forward pebbles 
of fair size, the general accumulations j)'‘inting to repeated action 
(»f this kind, that, looking at the fbrce< of existing currents, tliese 
deposits Avould generally seem referable to shallow waters. The 
accompanying section (fig. 201) of old red sandstone at Eoss, 
Herefordshire,* of a kind common to much of* the same series of 
deposits in that and adjoining districts, will illustrate this mode of 
occurrence. 

When the disturbing power of wind-wave action upon sea- 
bottoms, to whatever depth that power may sometimes extend, 
and the modification of surlaces which may be produced during 

* Part of a more extoiuliHl section by Captain James, R.E.; Memoire of the 
Geological Survey, vol. i , pi. 3. 


by forces of a similar kind, but of far greater intensity than any- 
thing known as an earthquake, it will be obvious that tranquil 
alterations of the depths at which the sea-bottom of“ any geological 
time may be submerged, would produce modifying effects of* a 
marked kind. Surface beds which have been accumulated in one 
manner, may be remodelled in another. For example, diagonally- 
arranged portions of unconsolidated Ix'ds may be worked backwai-ds 
and forwards when exposed to the to-and-lro motion of* water dis- 
turbed by the winds above, or by the tides brought into action, so 
that their streams are rendered more or less sweeping by inter- 
mixture with shallow-depths and the unequal configuration of 
adjoining lands. Though these causes may only modify the sur- 
faces for the time being, a repetition of them, with oscillations in 
the movement of the sea- bottoms, would often produce compli- 
cated effects, so far as the original mode of* deposit of* any beds may, 
in part, be subsequently altered ; even the organic remains con- 
tained amid the detritus being sifted and re-arranged without much 
injury. 

It is when the structure of the beds of* detrital rocks, and the 
forms of their surfaces arc viewed in connexion with any organic 
remains they may contain, that the observer has increased opj)or- 
tunities of inferring the depth of water beneath which the layers 
or beds, have acquired the general character they now present. 
With respect to the mode in which organic remains generally may 
be entombed beneath fresh waters or the sea, whether the latter be 
tidal or tideless, we would refer to the previous remarks on this 
subject, (pp. 1 1 2 — 205). Amid the detrital matter, of whatever kind 
this may be, piled up in successive layers or beds, every vaiiety of' 
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manner in which organic remains have been enveloped by it occa- 
sionally presents itself. While, on the one hand, we see the shells 
of molluscs precisely in the positions in which these animals buried 
themselves in the mud, silt, or sand, of the time, according to their 
habits ; at others, we find the fragments of shells or corals in mul- 
titudes, dealt with and arranged like ordinary mineral substances, 
precisely as may often be found at the present day, and especially 
amid coral accumulations on the large scale, such as among the 
Great Barrier Reefs of Eastern Australia. 

The occurrence of* organic remains in the situations where the 
animals lived and died, affords direct proof that the fluviatile, 
lacustrine, estuary, or sea-bottoms, thus containing these remains, 
have not been broken up and re-arranged, but that, independently 
of consolidation or certain otlier modifications of structure, they 
exhibit plans and sections of the fresh or brackish water, or sea- 
bottoms of a particular geological time. Careful search shows that 
this manner of entombment is by no means so rare as might once 
have been considered. The occurrence of the remains of boring 
molluscs in the holes formed by them in rocks, has been already 
noticed, as resembling those of any PJtolas in limestones of the 
present day on the British coasts (fig. 170); and it has been also 
stated, that during calcareous deposits of the same date (inferior 
CK)Hte) several beds in succession were drilled at their surfaces by 
the same species, the shells still in the holes made by their animals 
(p. 486). With respect to molluscs piercing mud, silt, or sand, 
we may point to the observations of Mr. Prestwich, as to the shens 
of Panopcea, found abundantly in the vertical position common to 
the habits of the existing species, in tl^c beds of the London clay 
at Clarendon Hill, and of Panopcea, Pholadomya, and Pinna, at 
Ciiffnel ; as also to those of Dr. Fitton, on a similar mode of pre- 
servation of the shells of Panopcea and Pinna, in the lower pecn- 
sand of Southern England.* In cases of this kind, it certainly is 
not always clear that the animals, thus in the positions which their 
habits required, were suddenly destroyed by any physical change 
in tlie water or the kind of sediment deposited above them, though 
this may be surmised, since in all beds coniaiiiing burrowing mol- 
luscs, their shells may be found in the positions where they died 
under ordinary circumstances. Be this, however, as it may, it 
proves that these animals of the time lived and died in the mud, 
silt, or sand, now perhaps beds of hard rock, in which their remains 

are IchukL _ _ . _ 

* Journal of the Gcologicul Society of London, vol. i. 
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Many shells of molluscs so occur tliut even the direction of 
the stream or current which drilled tliem according to their 
weights, volumes, and forms, may be inlerrcd, liaving bc*(‘n, in 
all probability, empty shells at the time, and the same wltli the 
exuvia? of other fresh-water and marine animals. Soiiu‘timc‘s, as 
beneath (fig. 202), whole and broken shells are Ibuiid drifted along 
the bottom with Intervals of repose, during which mud was alone 
thrown down. 


Fig. 202. 



a, rt, beds formed of diagonal layers, composed of broken slid Is, fish-tocth, pieces 
of wood, and oolitic grains, sometimes mere rounded pieces of shells, the various sub- 
stances lying in the planes of the diagonal layers, and presenting every appearance 
of having been shoved or pushed over the more horizontal surfaces formed during 
the intervals between the mud deposits, i, 6, b* 

With regard to the destruction of' marine animals in place, that 
in volcanic regions, certain gases, such as carbonic acid, sul- 
phuretted hydrogen and others (p. 32o), wlien suddenly discharged 
into waters througli subaqueous fissures or volcanic vents, should 
destroy the animals to which they find access, would be expected 
at all geological times as well as at present. In like manner, 
subaqueous fissures formed at all pcritjtls during eartliquakes, and 
from which gases liave been evolved, destructive of animal life, 
would be Inferred to lia\e been always followed by tlie same result.s. 
So also with tlie heat cominimicatcd to waters during submarine 
volcanic eruptions, or when fissures, formed during eartliquakes, 
reached the deptli of very considerable temperatures. With re- 
gard to waters impregnated with deleterious gOvSes, so long as tliese 


* This section was taken at a quarry of Forest marble, part of the oolitic series, at 
the Butts, Frome, SomersetMhire The Bath oolite, into wliich this part of the 
oolitic series graduates, as may be well seen in Somcjrsetshire, is often, in some of its 
beds, nothing else than a modification of the suirie thing, the rounded grains of shells 
and corals, mixed with those of the true oolite (having concentric coatings of cal- 
careous matter), being drifted in a similar manner. Broken shells, fish-teeth, and 
other organic remains arc seen in the sections of the same neigh ImurhotHl, occurring 
as streaks in clay, conditions from lime to time having occurred, during wliich the 
dc|K>bit of the mass of mud of the beds termed Fullers’ earth, was locally interrupted 
y»y these shell drifts. 
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remained sufficiently disseminated in them, predaceous animals, not 
included in the areas so affected, would be prevented from enter- 
ing in order to feed upon the multitudes of fresh-water or marine 
animals which may have been killed, until their remains were 
covered oyer by fine sedimentary matter ; or, being burrowing 
creatures amid mud, silt, or sand, until the sedimentary matter 
was so adjusted around them, with probably also a certain decom- 
position of the sr)fler parts, as to be no longer desirable food, if 
even they were attainable. 

Multitudes of fbssil-fish are sometimes so found in rocks, that 
their sudden destruction, with the preservation of their bodies from 
predaceous and scavenger creatures, seems needful in order to 
account for their mode of occurrence, it appearing also necessary 
that their entombment in the containing substances was sufficiently 
I'apid, subsequently to their death, to prevent the distribution of 
the various harder parts of their bodies after decomposition. In 
all cases where volcanic action can be inferred at various geological 
times, at or near the localities where the observer may have 
aqueous deposits under examination, and which present the re- 
mains of animals in a condition showing that wdiole creatures have 
been preserved without injury to the arrangement of their harder 
parts, he will do well to recollect the modes of entombment which 
may now be in progress in similar regions of the present day. He 
will thus see organic remains among the volcanic ashes of different 
geological times, even amid the old accumulations of the Silurian 
deposits, (Ireland, Wales,) and in suvli positions as very forcibly 
to remind him of the causes of destruction and preservation which 
he finds, oi- can fairly infer, arc now in action. 

Independently of any sudden destruction and entombment of 
animal life in connexion with volcanic eruptions or earthquake 
movements, the study of the old iVt'sii- water and sea-bottoms 
presents us with the occurrence of animal remains so preserved, 
and amid sucli substances that the sudden inllux of waters, charged 
with much fine matter in mechanical su<]H*nsion, may have de- 
stroyed multitudes of aqueous animals in some given area. At 
l(‘ast, their remains are so entangled amid this matter as to lead to 
this inference. That fixed creatures or others of slow movements 
could thus readily be overwhelmed, would be expected under such 
conditions at all geological periods. When, for example, in the 
vicinity of Bradford, the Apiocrinite^ of' that locality is found 
rooted uj)on a subjacent calcareous bed (one of the oolitic series) 
and entangled in a seam of clay, its parts sometimes beautifully 
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preserved, it may be inferred that it was destroyed by an influx of 
mud, from which it could not escape. In like manner, also, the 
preservation of long uninjured stems of various encrinites found 
amid the Silurian and other older deposits, on the surfaces of lime- 
stone and other rocks, and having had a covering of fine sediment, 
would appear to be explained Sometimes, as in the lias of Golden 
Cope, near Lyme Regis, multitudes of belemnites, some with even 
the ink-bag of these molluscs preserved, so form a seam of organic 
remains, that the geologist is led to infer a sudden destruction of 
thousands of them over a moderate area. Ammonites are also 
sometimes found in great numbers, distributed in a depth of only 
a few inches, over areas of a square mile or more, as if suddenly 
destroyed. The beautiful bed of myriads of ammonites occurring 
amid the lias of Marston Magna, Somerset, was a good case of this 
kind. It sometimes happens that the shells of molluscs show that 
when their animals were entombed, the space occupied by their 
bodies prevented the entrance of the sediment which enveloped 
them. The following section (fig. 203) of an ammonite (lias. 


Fig. 203. 



Lyme Regis) maybe taken as an example of* this mode of occurrence. 
All the chambers of the ammonite are filled by carbonate of lime, 
infiltrated into their hollows, beyond which there is a space ap- 
parently occupied by the animal when overwhelmed by the sur- 
rounding calcareous mud, now argillaceous limestone ; this space 
terminated outwards by sedimentary matter (a) which entered so 
much of the shell as the retreat of the animal permitted. In tliis 
case the intruding sediment has become highly impregnated with 
dark-coloured matter, as if effected by the decomposition of* the 
animal within. Such deposits as clays and argillaceous limestones, 
the latter especially, from the usual consolidation, without much 
pressure, of the matter around the organic remains, are very favour- 
able for observations of* this kind, numerous shells of molluscs ap- 
pearing to show that their animals may have been in them at the 
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time of their entombment. In such researches attention should be 
paid to the positions of the shells in the beds, and the forms of 
their interior cavities, so that the entrance of sediment might be 
prevented by such positions and forms. Multitudes of examples 
. are found in certain areas and deposits where the presence of the 
animals in their shells would seem required. When we consider 
the probable voracity of numerous creatures in fresh and sea 
waters, and the multitudes of scavenger animals consuming decayed 
animal matters at all geological times, the discovery of certain 
aqueous reptiles preserved entire amid rocks, even with the con- 
tents of their intestines preserved, leads us to infer that their en- 
tombment, if not also their death, was sudden. And this appears 
the more probable when we find, as often happens, that in the 
same deposits the same kinds of aqueous reptiles are dismembered, 
as if by predaceous animals feeding upon them. While at times, 
in the lias of Western England, the skeletons of Icthyosauri and 
Plesiosauri are so well preserved that all, or nearly all, the bones 
are in their proper relative situations ; even their skins preserv^ed, 
and the contents of their intestines, at the time of death, in their 
right places, at others the bones of these reptiles are dispersed, 
though not always far removed from the place where the animals 
died. In fact, the appearances presented are precisely those of’ 
decomposition having been so far advanced that the scavenger 
animals could feed upon some of the carcases, and drag the bones 
short distances, so as somewhat to scatter them. 

Every mcxlc of the occurrence of organic remains should be 
carefully considered, and viewed with reference not only to the 
• district, as regards the depths of water, and the probable form of 
any neiglibouring land, but also as to the general distribution of 
marine life at equivalent geological times over much more extended 
areas. The endeavour to obtain a general view of the distribution 
of life over great surfaces at given geological times, as well as of 
the deposits effected during those lapses of them to which given 
names have been assigned, would appear csj.)ecially needful. Expe- 
rience has taught geologists that many a genus of marine animals, 
the remains of which were at first found only in particular beds of 
various districts, have been discovered in the deposits, both of 
more ancient and more modern periods ; as also that, as regards 
species, these will be observed in certain districts to have a wider 
range than in others, through a section of consecutive sea-bottoms. 

It would seem essential that an observer should well weigh the 
evidence of the distribution of the animal and vegetable life of 
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different geological times, as exhibited by organic remains, with 
reference to the probable distribution of land and water of those 
times, and the consequent variation of depths of* seas, kinds of 
bottom, forms of coasts, discharge of* rivers into the sea, fresli- water 
accumulations, and the like. He should refer to the deptlis at 
which animal and vegetable life is now known to exist in the sea 
(p. 145), with the forms and kinds of both found under the dif- 
ferent conditions of heat, light, and shelter from violent movements. 
He can scarcely neglect the views of naturalists, as to the distribu- 
tion of existing animal and vegetable life, over the surface of the 
globe ; the spread of* the diflerent kinds under the clreuinstanccs 
fitted for each respectively ; the overpowering, as it were, of some 
by others, the centres or localities whence species are Inferred, 
under favourable circumstances, to have been diffused, and tlic 
representatives of different species in different regions.* Tlic 
various supposed equivalent accumulations, chiefly sea-bottoms, 
have to be carefully dissected to ascertain the probable conditions 
under which the remains of life entombed in tliem li«ave been 
gathered into the situations where they are now discovered, and 
the life itself w^as then adjusted. At all geological times wdien 
watci’S existed, they would arrange themselves according to the 
laws now governing their position as to temperature, and tl)ey 
would possess the same properties wdth respect to liglit and pres- 
sure.! All masses of water would also tend to be moved, as now, 
by the great causes of ocean currents and tidal streams, however 
modified these may have been by the manner in which dry land 
presented itself amid the ocean, at any particular geological peri(Kl. 

At the same time that all due attention is paid to these circum- 
stances, it becomes also necessary to bear well in mind the modili- 
cations and changes which would arise from the movenuuits <.»f the 
crust of the earth elev ating or depressing mineral masses, so that 
sometimes they were above the sea level, sometimes beneath it. To 


* As regards works on the distrilmfion of animal and vegetable life, the observer 
may conveniently consult the text and maps of .lohnstf.n’s “Ph 3 sirul Atlas.” For 
the geograpliical distribution of plants, reference can be made to the works of 
llumboldt and Shouw, and the RejKutB by tirieslmeh (translated by the Ray Society). 
1 he distribution of fishes, a subject of considerable geological interest has received 
much attention from Sir .lohn Richardson in Ins “Fauna Roreali-Americnna,” 
aud British Association Rej.orts. 

+ Assuming that the saline contents and their projiortioii to the waters have not 
been materially different during the lapse of time, sinee animals existed in the seas 
and fresh waters (d the world. As respects the wljustmeiit of marine aiiitnals to 
n rnistaceans fouinl among the oldest fossil ferons dept.sils, 

Val.ml.U- r.nmrka on tbia l.cu.l 

Mill be bmtia II. Dr. llu<-kUi..d-8 Urulgcw.tcr Trealiae, vcl, i,, a (« 
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-advert again to the change produced by the submersion of the 
Isthmus of Panama, and the junction of the Atlantic and Pacific 
Oceans, the land descending to the moderate (geological) depth of 
1,000 feet, relatively to these oceans. By recent observations it 
would appear, that the summit level (named Baldwin’s) is 299 feet 
above the sea, so that when the depression had continued to 600 
feet, there would be a channel above this height deeper than 
between Dover and Calais; and when the submersion to 1,000 feet 
liad been completed, one deeper than any part of the North Sea, 
or tlie channels between Grc'at Britain and Ireland, or these islands 
and France, one nearly corresponding with the line of 100 fathoms, 
extending from Spain, outside the British Islands, to Norway 
(fig. 65). 

By comparing a map of the Americas, with the land which 
would be under the ocean, if this movement of depression were 
carried out, gradually diminishing no further than 20° of latitude 
on each side of the isthmus, the great modification likely to arise 
from the free passage of the waters of the Atlantic into those of the 
Pacific, and the difference of the surface of dry land, will be 
obvious. ♦ It is by carefully considering a few areas of the present 
dry land in this maimer, with regard to the effects of depression or 
elevation, as the case may require, that the observer will readily 
perceive how needful it is for him, when endeavouring to trace 
the distribution of the life of any particular geological time, well 
to weigh the conse(piences of such changes ; whether, on the one 
hand, they permit a mingling of species previously separated, or 
separate sonic given area, distinguished by the presence of some 
marked species into two parts, one or both of which were subse- 
quently subjected to different conditions. 

Inasmuch as we find marine animal lilt* adjusted to certain con- 
ditions, among which, from the labours of’ Professor Edward Forbes, 
and other naturalists, depths of water may be considered, all other 
circumstances being the same, to have an important influence ; 
reasoning from the known to the unknown, we should expect an 
adjustment of a similar kind to have exteudotl hack to the earliest 
state of‘ the earth’s surface, when water, fitted for life, washed the 
shores of continents and islands. Even under the hypothesis of a 

* With regard to the diirereiices tii tlie levels of the Pacific and Atlantic on the 
sliores of the Isthmus of Panama, the researcJios of Col. Lloyd would give a higher 
relative level to the former, to the amount of 3*52 feet. High-water mark at 
Panama is stated to be 13*55 feet above tliat of the Gulf of Mexico, at Chagres; 
while it is only 0*51 lower at low water on tlie Pacific side.— Philosophical 'Iraus- 
actions, 1830. 
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heat of the earth’s solid crust at former times, sufficient to keep the 
waters dispersed as oceans and seas above it, at equal temperatures 
at certain depths, independently of solar heat, littoral, shallow and 
deep water conditions would be expected to have had their 
influence, more particularly when combined with differences in 
sea-bottoms, and position as to shelter from wind-wave action, 
tidal streams, or ocean currents. At all events, it would appear 
most desirable that the observer, having before him the advantage 
of the sea-bottoms of different geological times, with organic 
remains variously distributed among them, should endeavour to 
trace out differences and resemblances of* this kind, carefully con- 
sidering the evidence afforded by the physical structure of the fos- 
siliferous rocks in connection with that presented by the contained 
organic remains. It may be that certain forms of the shells of* 
molluscs, for example, are deceptive, so that the palaeontologist 
may not always reason safely when referring some to animals 
similar to those now living near shores or in shallow or deep 
waters ; and that these last may be found to vary at the present 
day more than is now known ; still the investigation can scarcely 
but be productive of an approximation to the knowledge sought, the 
general evidence, be it what it might, pointing out those modes of* 
occurrence which may be ultimately seen to be somewhat constant ; 
while others, though they present themselves in a more uncertain 
manner, may yet be important as regards the general subject. 

As the researches of naturalists show that whether we rise high 
into the atmosphere, or descend deep into the sea, the conditions 
for the existence of* life, under various adjustments and modilica- 
tions, terminate; it follows that the great mutability of the cartli’s^ 
surface, as respects both conditions, could scarcely fail to produce 
great changes in that life, independently of those made inherent to 
it as created. The separation of great areas of dry land into 
minor portions has been above mentioned, as producing even the 
extinction of certain kinds of terrestrial life, while at otliers it 
may have preserved parts of it and mingled some together. Upon 
the descent of* a (xjntincnt beneath the sea (and the researches of* 
the geologist teach him the necessity of* such submersions, as well as 
that the dry lands for the time have bc*en cliielly raised from 
beneath seas into the atmosphere), any terrestrial life peculiar to it 
would be destroyed, though evidence of its existence might be 
preserved amid mineral matter where circumstances permitted. 
In like manner when, upon submersion, shores ceased to present 
themselves, the littoral marine animals, previously inhabiting 



Ch. XXVni.] DISTRIBUTION OF ORGANIC REMAINS. 543 

them, and moving to the coasts as these retreated upon the descent 
of the main mass of land, would be expected also to have disap- 
peared, unless able wholly or in part to have adjusted themselves 
to the new conditions. When, however, zone after zone of the 
marine vegetation disappeared as the circumstances fitted for its 
growth ceased, the animals which fed upon the plants would perish, 
and with them those which lived upon the vegetable eaters, unless 
they could escape to other localities where food of the same kind, 
or of others which they could substitute lor it, was to be found, 
and was sufficient for them. If in the annexed section (fig. 204), 

Fig. 204. 



a b represent the level of the sea, remaining constant, or nearly 
so, and evd the outline of any mass of land, partly in the atmo- 
sphere and partly beneath the sea, and o, o, o, Oy the depth at 
which marine plants supporting the life of a certain portion of 
the marine fauna grew, the littoral portion of that life would be 
shifted to X x\ upon submersion of the land to e /, and at the 
same time a portion of the sea-bottom inhabited by animals at 
greater depths would be brought lower down, so that these would 
probably also move over the ground of others previously adjusted 
to minor depths. Submersion continuing, when it reached the 
line g h, the shores would still further bo shifted to y y\ with the 
same general consequences as before, and so also with the submer- 
sion to i k* Wlien it reached 1 7W, the whole of the land, previ- 
ously above water, would be beneath it, and littoral life may be 
considered to have disappeared when it reached n p. At the 
amount of submersion represented by the line s t, the whole of the 
former dry land, with its shores and any shallow seas adjoining, 
would be beneath the depths of marine vegetation. In this section 
the probable consequences of breaker action on the descending 
land, tending to plane it off, as the great Banks of Newfoundland 
may have been land to a certain extent levelled out during a 
gradual submersion, have not been included, in order to render 
the illustration simple. During, however, such depression of the 
land, this action has to be well borne in mind, so that the detritus 
thence arising, distributed over the sunk land, and entombing the 


■»«' f It 

may be, and appears to have been accomplished, during the sub- 
mersion of land and its shores. Tf <7 ft represent the level of the 
sea, and c cZ a surface of land and its shore wliieli has been gradually 
depressed beneath it, the littoral accumulations when k was the 
coast, f and those when the sea boundiiiics were at I and m, as 
h is supposed to be at the time of the section, there would 
always be deeper waters outwards in tlic direction a d. Hence, 
though a certain thickness of deposits, e f g h, variable according 
to circumstances, might cover the surface of the descending land, 
entombing the remains of the littoral marine animals, these would 
be covered, in the direction outwards, and as the land descended, 
by detrltal deposits of kinds which could be transported to and 
formed there, a corresponding series of marine animal remains in- 
termingled with them, differing as far as the deeper water differed 
from the littoral marine life of the time. Thus numerous specl(‘s 
which had been really contemporaneous with those entombed b(‘- 
neath may appear, in certain sections, to have succeeded them as 
creations in the progress of geological time, this appearance ex- 
tending even to the remains of those living in the deepest waU‘rs 
of the period and locality, as any large mass of dry land became 
submerged. 

With respect to the emergence of land, should this be gradual, 
large areas might be laid dry, presenting sheets of sedimentary 
matter not contemporaneously produced, yet containing littoral 
species of molluscs in great abundance, these species lx*lng f>f the 
same kinds, should no change have been effected in thj\t portion f>f 
the animal life of the locality and time during the rise of the land 
and sea hittom. If the sea-lx)ttom around the British islands 
were gradually raised, so that the boundary line extended to not 
more than 100 fathoms in depth ffig. 05, p. 91), the remains of 
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littoral molluscs would be scattered amid the accumulations of the 
time, as the shores became extended, covering over those of other 
and contemporaneous molluscs. If a 6, in the following section 
(fig 206), represent the level of the sea, c d s. surface of rock, 

d 
k' 

r 


Fig. 206. 
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partly above the sea and partly beneath it, and e a deposit extend* 
ing to r, it would contain the remains of molluscs inhabiting the 
different depths, including those at which wind- wave action could 
drive them onwards towards the coast. If the land be now raised, 
so that the relative sea level be represented by h A', a deposit/, 
extending to s, would be under similar conditions as that pre- 
viously formed and extending to r, and so with an accumulation 
g extending to t. Successive beds A, wt, are thus produced, 
probably containing the remains of molluscs, allowing the mingling 
of many by the action of the waves in sliallow situations, and 
corresponding with the depths A A', 9 f f ^ ^ ^ > so that, other 
things being equal, these exuviae arc similar in sections of the 
detrital accumulations which do not correspond with the general 
planes of those deposits, but with others representing their littoral, 
shallow, or deep-water conditions, as the case may be, of succeeding 
times. 

These modifications, from the causes noticed, have to be well 
considered when certain organic remains are viewed as character- 
istic, as it has been termed, of tlie accumulations of a particular 
geological time, those to which some name may have been assigned. 
When any such are found more in abundance in, or seem confined 
to, the deposits of some particular area, and appear to be the 
exuvia} of animals which have lived at or near the localities where 
they are obtained, the kind of bottom, probable depth of water, 
and proximity to or distance from the dry land of tlie time have 
to be sought, so that the conditions under which the creatures 
themselves flourished may be duly appreciated. In such re- 
searches it will be often found that the kind of bottom appears to 
have materially influenced the abundance and distribution of these 
particular animals, so that, when a change was effected m the 
sedimentary matter deposited, they moved elsewhere, even re- 
turning in the same abundance as before to the same area, should 
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the conditions fitted for them have been re-established. If, in the 
following plan (fig. 207 ), the shaded portions represent minor areas 

‘ 21 ) 7 . 



of mud, distributed amid sands, it would be expected that the 
creatures whose habits induced them to prefer the one to the other 
would keep within the respective variations of sea-bottom, so that 
if* in the course of accumulation, this bottom became modified, 
sands drifting or being thrown over the mud, or the latter over 
the former, the animals would follow the modifications according 
to their habits. Thus in any given sections of tliesc sea-bottoms 
streaks of different kinds of them may be found accompanied 
with peculiar organic remains, the animals from which they were 
derived merely shifting their ground as circumstances arose, tlius 
introducing interlacings, as it were, of different kinds of sea- 
bottoms. Looking at the conditions which at the present time 
appear to govern the existence of marine life both as regards the 
relative position of different portions of it and the distribution of 
similar animals, very great care seems to be required in assuming 
particular species as characteristic of particular geological periods 
without reference to their mode of occurrence at the time. It 
would seem very needful that the probable habits of these species* 
should be well considered, so that proper importance should be 
assigned to other and contemporaneous species whose remains may 
be equally of value in continuous or contemporary accumulations 
formed under modified conditions elsewhere. Unless this be done, 
it may often happen that littoral species, very characteristic of the 
shores of a particular region, will be uselessly sought for amid con- 
temporaneous accumulations in the deep seas of other regions, 
while not a trace can be found of deep-sea species, abundant else- 
where at the same geological time, amid shallow water and littoral 
deposits. 

The calcareous and fossiliferous accumulations of different dates 
are frequently of so mixed a character as to require much care. 
They are often mere beds of organic remains; these cemented 
together by the carbonate of lime, which, after the deposit, has 
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been formed at the expense of the organic remains themselves. 
At other times, however, they have been clearly produced by de- 
posits from solutions of the bicarbonate of' lime, in the manner 
previously mentioned (p. 106). Some limestones require very 
careful examination in order to ascertain their mode of formation- 
Thus it has been observed that beds presenting no appearance of 
organic remains to the naked eye, may yet be found to be almost 
wholly composed of them when the microscope is employed and 
due precautions taken. In this manner many beds of the moun- 
tain limestone series of the British Islands have been found replete 
with the remains of life where none were at first suspected. Even 
when upon exposure to atmospheric Influences fossils of far larger 
dimensions, readily visible to the naked eye, and extending to half 
an inch or more in length or breadth, arc found in fair abundance, 
it sometimes occurs that the ordinary fracture of the limestone bed 
may not readily show them. We do not here include the remains 
of encrinites, cchinites, and some other fossils, which, from their 
rhomboidal fracture, a little practice will enable an observer readily 
to distinguish ; but others, where they are far from being easily 
detected. The most beautiful shells will occasionally thus present 
themselves upon searching a weathered surface, not a trace of 
which can be obtained b} ordinary observation. 

It is now known that certain beds, as well siliceous, calcareo- 
siliccous, as calcareous, arc made up almost wholly of minute 
organic remains, far too small to be seen by the unassisted eye. 
For our great progess in this order of investigation geologists arc 
indebted to M. Elirenl^erg, who has shown how much infusorial 
remains arc diffused, even producing deposits of considerable im- 
portance, and most materially adding to the volume of others. 
Whether or not some of these microscopic minute bodies may be 
vcn*etable instead of animal, their geological importance remains 
the same, if indeed it be not increased f rom such deposits, alto- 
gether or in a great measure composed of myriads of microscopic 
organisms, being referable to both animal and vegetable life.*^ 
Vliile on tlic subject of deposits chiefly formed of organic re- 
mains, the probable chemical composition of these remains, when 
first introduced amid the accumulations in which they are found, 
should not be neglected. In this manner it may be seen that the 
magnesia, so much more commonly distributed amid limestones than 
has"^ often been inferred, may sometimes be due to such remams. 


As to some of these supposed infusoria being vegetable, see note, p. 238. 

N 2 
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particularly where many corals are present.* The like also with 
the phosphates of lime, silica, and other substances. Whole layers 
may be formed of the harder parts of infusoria, so that when 
these are siliceous, they, and the spiculac of many sponges, may 
serve to diffuse no small amount of silica amid deposits of a dif- 
ferent character. 

By careful investigation of the conditions under which the re- 
mains of various fresh-water or marine animals may be found in 
rocks, the deposit of which by means of water is evident, and also 
by well-directed attention to the mode in which the remains of 
terrestrial life, not forgetting those of insects, t may have become 
intermingled with them, the observer will frequently find himself 
most materially aided in a knowledge of the probable physical 
geography of different areas, often considerable, at given geological 
times. With this knowledge and a due regard to the varied dis- 
tribution of the life of the time, and the abundance and kind of 
mineral matter deposited at the same period, he may be enabled 
to trace the changes and modifications which have taken place 
contemporaneously in the rivers or lakes, amid the lands, or in the 
seas, at different times in such portions of the earth’s surface. 
Eegarding that surface as a whole, it is difficult to conceive that 
the distribution of life, allowing for great changes in that distri- 
bution during the lapse of time, could not have been adjusted to 
conditions as they successively arose, and which modified it more 
in one locality than another, so that great care seems required 
properly to separate the local from the general effects produced at 
assumed equal periods, or during a long succession of them. 
Modem investigations, while they, on the one liand, lead us to 
infer many great clianges in animal and vegetable life during the 
accumulation of the various deposits in which its remains have 
been preserved,^ teach us, on the other, that forms once supposed 


♦ In some investigations undertaken by Mr. Maule at the Museum of Practical 
Geology, for the purpose of tracing the various changes which organic remains may 
have undergone under different conditions of entombment, he found magnesia, even 
to the extent of 6 and 7 per cent, in some recent corals. 

+ In countries, and especially in tropical islands, such as the West Indies, where 
the off-shore or land-winds are at times somewhat strung, multitudes of insects are 
often borne out to sea, where, though the greater proportion may l>ecome the food of 
marine creatures, some fall in situations to be entombed amid mud, silt, or sand. 
Those accustomed to pass along such coasts are familiar with this fact. Our own 
coasts in summer weather present many instances of insects surprised and drawn off 
coasts seaward by the sudden setting in of the land-wind in the evening. 

X Referring to various general works containing lists of the remains of animal and 
vegetable life considered characteristic of the different deposits which it has been 
thought convenient to separate and class under particular names, it is only required 
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only confined to the more modem accumulations have existed 
in far more remote times.* While it is probable that the evi- 
dence of gi'eat changes having taken place during the lapse of geo- 
logical time in the vegetation and animals which have existed on 
the earth’s surface will be only confirmed by extended research, it 
seems equally probable that investigations carried out with proper 
regard to the varying physical geography of different geological 
periods will show the necessity ol‘ tracing the probable causes pro- 
ductive of new adjustments of lands and waters at those different 
times, and of studying the distribution of the lifet of such times 


to point to such animals as the trilobites, among the more ancient accumulations, 
and to the ammonites of the middle portion of the fossiliferous series, to show that 
certain marine creatures which have now ceased to exist once swarmed in particular 
areas at given times, and have not lived after those times. No doubt the preserva- 
tion of the parts of many terrestrial animals requires a combination of favourable 
circumstances, so that no great surprise is to be experienced when we obtain few 
traces of such animals amid the contents of the old sea-bottoms usually presented to 
our examination. The remains of the marsupial mammal {Plioscobtheriutn Bucklandi, 
Owen) and of the insectivorous mammals {Amphitherium Prevostiij and Am. Bro- 
deripii^ Owen) in the Stonesfield slate (oolitic series), near Oxford, are sufficient to 
introduce caution into general reasoning as to the existence or non-existence of 
terrestrial mammals at different geological times. Speaking of the conditions under 
which these remains occur, Dr, Buckland remarks (Bridgewater Treatise, vol.i.,p. 121) 
that “ at this place (Stonesfield) a single bed of calcareous and sandy slate, not six 
feet thick, contains an admixture of terrestrial animals and plants with shells which 
are decidedly marine; the bones of Didelphis {Ampiutfterium and Phascolotherium)^ 
Megalosaurus (a great saurian 40 or 50 feet long, i>artaking, according to Cuvier, of 
the structure of the monitor and crocodile), and Pterodactyle (a flying saurian), are so 
mixed with ammonites, nautili, belemnites, and many otlier species of marine shells, 
that there can be little doubt of this formation having been deposited at the bottom 
of a sea not far distant from some ancient shore.” With respect to the wing-covers 
of insects found in the same deposit, Dr. Buckland remarks (Bridgewater Treatise, 
vol. i., p. 411) that they arc all coleopterous, ‘ and in the opinion of Mr. Curtis, 
many of them approach nearly to the Bupresthy a genus now most abundant in warm 


latitudes.” , , 

* As regards the forms of molluscs, the genera Aricvluy Modiolay Tetehratulay 
Linyuluy and Qrbicvla are found from the Silurian rocks upwards to the present day. 
The like with Turhi^y as a restricted genus, and also with NuutiluSy with slight varia- 
tions in form. With respect to those remarkable and beautiful animals the star- 
fishes, Professor Edward Forbes states, that species of tiie genus Uraster are found 
in the Silurian rocks closely resembling the existing nortliern forms (Decade I., 

“ Memoirs of the (icological Survey”), and that in the lias, V raster Gitveyi (Decade III.) 
is only critically to be distinguished from the common Uraster ntl>ens. now inhabiting 
the British seas. According also to the Professor, the Terebraivla striatulay of the 
cretaceous series, cannot be distinguished specifically from the Terebratula caputs- 

of the same seas. . jiir 

t It is very desirable, iu the enumeration of organic remains discovered in different 
beds and localities, properly to represent the abundance of the individuals of each 
species This mode of investigation has received careful attention during the pro- 
irress of the Geological Survey of the United Kingdom. Without due precaution of 
this kind the remains of a single individual figures as prominently as those of many 
hundreds and a correct view of the correspondence or dificrenco between the various 
portions of contemporaneous accumulations as to the Ufc entombed in them becomes 
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in accordance with those laws which appear to govern that distri- 
bution at the present time. At the same time we should not 
neglect those conditions which would follow a gradual decrease in 
the heat of the earth, should it eventually be Ibund that a tem- 
perature more equal over the eaith’s surface than that afforded 
by the sun would appear required for the distribution of animal 
and vegetable life in the earlier periods of its existence on our 
planet. 


much impeded. A careful study of the comparative numbers of individuals often 
shows how much some species of marine molluscs have preferred one kind of sea- 
bottom to another, while others seem to have flourished e(}ually well throuf'h \ aried 
changes i n the sea-bottoms. It is well to bear in mind that the researches of iinturalists 
teach us that many an area is now little, if at all, tenanted by marine molluscs, such 
areas being unsuited to their habits, while others adjoining them may l>e covered by 
multitudes of various molluscs. 
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As has been previously remarked, tlic distinction between the 
products of active and extinct volcanos is rather one of conve- 
nience than of lixct ; and the same may, to a certain extent, be also 
observed as to the differences between those above noticed (pp. 
;517 — 407), and the products about to be .nentiuned. By arrang- 
ing igneous products according to the dillercnt geological dates 
to which they may be assigned, the observer has the means of 
studying not only their modes of oi^currenee, but also the con- 
stancy or change of the elementary substances entering into tlieir 
composition during the lapse of geological tiiiu*. 

The igneous rocks known to us by their appearance on the sur- 
face of the globe, have been found sufficiently well distributed to 
be available for an approximative estimate of their component 
elementary bodies. Viewed as a whole, they arc chiefly oxides of 
substances commonly considered simple, one of the oxides, that of 
silicon, acting as an acid, and ccuubining with a large portion of 
the other oxides. Silieie acid (silica), free or combined, may be 
seen more to prevail in certain rocks than in othci*s ; but there arc 
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few igneous products found in any abundance, which do not mainly 
consist of silica, or the silicates. The simple substances, with 
silicen, constituting this mass of matter, whence the sedimentary 
deposits have been, with minor exceptions, more or less directly 
or indirectly derived during the lapse of time, have not been found 
numerous. They are chiefly aluminium, potassium, sodium, cal- 
cium, magnesium, iron, and manganese, making with silicon eight 
substances, considered elementary, all combined with another, 
oxygen, and forming the great volume of the igneous rocks, such 
as they are known to us. Of other elementary substances enter- 
ing into their composition on a minor scale, probably sulphur, 
boron, lithia, and fluorine, may be regarded as the principal bodies, 
with the addition of hydrogen, so far as it may enter into the 
composition of any waters that can be regarded as a real com- 
ponent part of these rocks. Numerous other simple substances, 
no doubt, may be detected amid these products in different locali- 
ties, even sufficiently abundant in some to be remarkable; but 
viewed in the mass, the nine elementary substances above mentioned, 
with the four others in a minor manner, appear to constitute the 
great mass of the igneous rocks of all ages. 

Tliat so much of the great volume of these rocks should consist 
of the combination of oxygen with a few simple substances, and 
that the union of oxygen with one of tlicm should constitute such 
an important compound lor further union witli the otlicr oxides, 
are in themselves circumstances oi no slight interest to a geologist 
anxious to trace some connexion between the igneous products of 
all geological periods and the substances beneath the exterior and 
consolidated portion of the eartlj during tlie same lapse of time. 
We have elsewhere* estimated silica as constituting 45 per cent 
of the mineral crust of the globe, hence the oxygen contiiined in 
silica alone would form at least 26 per cent. ol‘ tliat crust.t If the 
amount of oxygen in the other oxides be included, the percentage 
becomes largely increased; so that when this- substance is regarded 
as from its union with the matter forming rocks, and in a 
gaseous form, its volume becomes enormous.^ 

In studying these rocks it may be assumed that the observer 
would be desirous of ascertaining how far there may be evidence 


• “Researches in Theoretical Geoloiry,” 1834, p. 8. 

t According to Berzelius, silica is a coni|K>und of 48*4 |>arts silicon and .'>1 *G parts 
of oxygen. 

J The volume of oxygen would be obviously still further uiigineiitcMl by the addition 
of Uiat contained in th< various waters on the surluce of the globe, water being a 
<*om}iouud of oxygen and hydrogen. 
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of igneous products having been thrown out in the manner of 
those ejected from active volcanos at different geological times. 
As it so happens that certain portions of the earth’s surface appear 
to have remained in a state undisturbed by igneous action from 
very early periods to the present day, while other portions seem 
frequently to have been subjected to this action during the same 
lapse of time, all regions, however interesting they may otherwise 
be geologically, do not present the needful conditions for this kind 
ol‘ investigation. In the British Islands, presenting so many coast 
and other natural sections, as also so cut and pierced by the 
operations of the miner and engineer, it fortunately happens that 
amid the older fosslliferous deposits there is evidence of Igneous 
prcKlucts having been contemporaneously ejected. Igneous rocks 
are so entangled with detrital accumulations of the Silurian series, 
especially well exhibited in Wales, and in the counties of Wicklow, 
Wexford, and Waterford, on the opposite shores of Ireland, that a 
geologist has excellent opportunities afforded him for observation. 
He finds that the igneous products, thus associated with these old 
fosslliferous deposits, may be divided into those which have occu- 
pied tlicir relative positions in a molten form, and those which 
liave been mingled with them through the agency of water, with 
also certain accumulations which may even have been piled up in 
a mechanical manner in air. 

Having in view the manner in which the products of existing 
volcanos are thrown out into the air or water, and are commingled, 
it is desirable that the geologist should endeavour to trace any 
differences or resemblances he may find when opportunities of the 
kind noticed present themselves. In the first place he does not 
possess the advantages of the surfaces usually presented in active 
volcanic districts, or of those, such as in France (p. 401), which 
have not been disturbed by the action of seas up«m them, but finds 
masses of mineral matter, of which the igneous products only con- 
stitute a part, usually thrown out of the positions in which they 
were originally accumulated, the igneous often bent and contorted 
with the aqueous deposits with which they are associak^d. These 
districts, moreover, are often the mere wrecks of the mud, silt, 
and sand of former sea-bottoms, combined with the igneous pro- 
ducts, large portions having been removed by denuding causes, so 
that not only has the general mass been squeezed, bent, contorted, 
and sometimes broken, but portions of it (occasionally to be measured 
by cubic miles) entirely removed. Hence, no slight care and 
exact reseaich arc rc([uired to collect the needful evidence, so that 
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all the parts may, mentally, be again restored satisfactorily to their 
places. This may often nevertheless be sufficiently accomplished. 

In examining the igneous products associated with the Silurian 
rocks in Wales and Ireland, two kinds become somewhat pro- 
minent, one in which the matter constituting felspar prevails, 
another in which that forming hornblende is mingled with the 
first, to an equal and even greater amount. Those accustomed to 
active volcanic regions might be disposed to see in this circum- 
stance a general resemblance to trachytes and dolerites (p. 352) 
therein distinguished, as also to those mixed products which have 
been named trachyte-dolerites. Proceeding still further in the 
inquiry, it will be found that certain of these old products are 
mingled mechanically with substances that have once formed ordi- 
nary mud, silt, sand, and even conglomerates, reminding us of the 
mixture of the ashes and lapilli thrown out of existing volcanos, 
and intermixed with the dctrital accumulations forming under the 
fitting conditions around or near many active igneous vents of tlic 
present day. Even lapilli may be detected amid beds wliich arc 
composed of something more than the igneous substances them- 
selves. These appearances would alone lead an observer to con- 
sider the old igneous products before him with reference to certain 
of the results of modem volcanic action, and he would probably be 
not the less induced to take this course when he found, as in such 
districts he often may, organic remains amid them, either alone 
or mingled with common detritus, preser^ed precisely as in 
volcanic tufi’ associated with the common mud, silt, and sand 
dep»sits of* the present time. He will sometimes find the organic 
remains arranged in scams, as amid ordinary dctrital accumulations, 
representing in like manner the bottoms of ancient seas strewed with 
the harder part of* molluscs, and other marine animals of* the time. 

The geologist may occasionally discover organic remains, thus ar- 
ranged in seams, the matter of the shells of molluscs still p^eser^'ed 
in beds of hard and solid rocks, ringing under tlic hammer, and at 
first sight appearing as if they had flowed in a molten state. Sucli 
beds of consolidated ignc<jus matter, arranged in water, are fre- 
quently very deceptive, requiring no slight care not to confound 
them with the rocks which have really flowed in a molten state amid 
those with which they are often associated. Kot finly in cases 
where such beds contain organic remains, but also where no trace 
<)1 them can be deU*cted, much caution is needed. Fur the most 
part microscopic observation will sliow that tliey are eomjK>sed of* 
fragments of igneous molten products, in which the component 
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parts of felspathic or hornblendic minerals have variously pre- 
vailed, and that these fragments are angular. When lapilli, 
especially those having the aspect of pumice, are mingled in these 
accumulations, there is usually little difficulty in determining 
their true character, and they then assume the appearance of* those 
resulting from the deposits of the ashes and cinders thrown out 
of* volcanic vents at the present day, more especially of such as 
have been formed in water by the fall of volcanic ashes and cin- 
ders in it, and are now elevated above it. They thus resemble 
the tuffs in the vicinity of Vesuvius, Etna, and some other active 
volcanos, which have showered ashes and cinders into seas adjoin- 
ing them, a change of relative level of the land and sea having 
been eflected, and parts of former sea-bottoms having been upraised. 

Those who have devoted much close attention to the structure 
of the valcanic tufl's of* the present time can scarcely f*all to be 
struck, particularly when they arc regarded on the large scale,, 
with the resemblance of many of the accumulations of igneous pro 
ducts associated with the Silurian rocks of Wales and Ireland to 
certain of them, especially to those such as palagonite (p. 368) 
and some others which have become consolidated and modified in 
appearance, so that the original small grains of’ ashes and fragments 
thrown out of volcanos have become one general and, at first sight, 
almost homogeneous substance. Wliilc in many localities the 
laminated character of the beds, and the presence of marine organic 
remains occurring in the same manner as in any other detrital and 
associated deposit, point to their accumulation beneath the sea, 
ixslics, and sometimes lapilli, vomited iortli from the volcanos of’ 
the time and locality, and arranged in extensive and compara- 
tively thin beds; at others the conglomoiates and breccias of’ 
igneous rocks, mingled confusedly with ancient volcanic tuff, the 
whole interlaced with dykes and veins <>1 felspathic and horn- 
blendic molten rocks of different kinds, remind the observer of a 
(•onfiiscd mixture of* substances in the Ixxly ol a volcano itself, 
partly subaeriul and partly subaqueous, the general mass buried up 
by other accumulations as the volcanic rocks gradually descended 
beneath them. Of’ the natural sections exposed in \\ales and 
Ireland, though there are many excellent opportunities in various 
places, the most instructive is probably on the coast of the county 
ol’ Waterford, between Tramore and Ballyvoil Head, a distance 
of fifteen miles. Huge masses of these igneous prrxiucts are there 
iimiid in gieut variety, and inolieu roc-ks of different kinds and 
shai>eh will be seen sending out veins, and cutting as well the 
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ordinary detrital deposits, formed prior to these outbursts, as the 
igneous substances of the time. Conglomerates and breccias are 
foimd piled in various forms, cemented by igneous matter, ap- 
parently thrown out as ashes, and ancient tuifs formed of smaller 
fragments are observed in different places, while examples are 
to be seen of deposits of various kinds changed in aspect and 
character where molten matter has burst in among them. There 
is also a variety of minor, but collectively important, objects of 
interest bearing upon the igneous products and their mode of ac- 
cumulation at this early geological period. As regards the in- 
trusion of molten matter amid the conglomerates and breccias, the 
following section (fig, 208) on the west of Kilfarrasy Point may 
be found illustrative, others of equal intciest being, however, suf- 
ficiently common. 


Fig. 208. 



a, a, compact igneous rock, in which the substances composing felspar prevail ; h, 
conglomerate and breccia formed of various portions of igneous products, chiefly fel- 
spathic, cemented by matter resembling that of volcanic tuff. 

Such districts require obviously to be studied on the large 
scale. For example, the section exhibited on the Waterford coast, 
excellent as it may be, would scarcely afford the needful evidence, 
taken by itself. It would be necessary to consider it with re- 
ference to the mode of occurrence of similar accumulations along 
their whole range, tlience northward through the counties of 
Waterford, Wexford, and Wicklow, When this is accomplished, 
the sections afforded on the coast of Waterford are seen to form 
part of the general evidence pointing to the relative age of the 
igneous accumulations at this time ; one shown, moreover, to 
have been anterior to the formation of the old red sandstone of 
the south of Ireland, inasmuch as these igneous rocks, as also the 
beds of the Silurian series with which they are associated, were 
disturbed, bent, and contorted before its accumulation, and this 
old red sandstone not only reposes quietly upon the disturbed 
rocks, but also contains worn fragments of the latter, the igneous 
substances included. 
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The geologist, seeing this considerable resemblance to the 
products of modern volcanos, and also the general similarity of the 
elementary substances found in them, as far as researches have yet 
extended,* (considering both igneous products in their masses,) 
would be prepared to find evidence of igneous action also bearing 
a resemblance to that of volcanos at the present time amid any 
accumulations of intermediate geological date, should the fitting 
conditions prevail. For evidence of this action he would look 
necessarily in very different regions ; for not only is it required that 
there should have been Igneous products of this kind at all geological 
times in various parts of the earth’s surface, sometimes in one locality, 
sometimes in another, but also that in the present arrangement 
of land and seas they should be attainable for observation. In this 
research, however, the geologist may again find opportunities in the 
British islands. In Devon and Cornwall he may obtain evidence 
of a continuance of the like igneous action at a subsequent period, 
amid deposits, some of which may be referred to the date of the 
old red sandstone series of other parts of the British islands, while 
some are more modern, and others perhaps more ancient. Amid 
the Devonian and Cornish accumulations of this date he will 
detect beds apparently also formed of the volcanic ashes of the 
time, and other arrangements of igneous matter, some rocks evi- 
dently poured forth in molten masses, and breaking through 
ordinary and previously-formed deposits. Among numerous 
localities good sections are afforded at low tide on the Tamar, near 
Saltash, showing an association of the Devonian rocks, molten 
products, and other accumulations of ignoous origin.t In many 
situations, the igneous ash of the time graduates into the ordinary 


* Investigations are now in progress in the laboratory of the Museum^ of Practical 
Geology for the purpose of ascertaining the chemical composition of the igneous r^ks 
of different dates, obtained during tlie progress of the Gwdogical Survey of the United 


+ As we have elsewhere mentioned (“ Report on the Geology of Cornwall, Devon, 
and West Somerset,” IST.t, p. 63), there is an abundant mixture of IgnMus and 
ordinary sedimentary rocks in the vicinity of Saltash and St. Stephen, and thence 
across the Tamar to St. Budeaux on the east, and towards St. t riiey on the west, and 
in the creeks which run up from the Lyhner to Manaton Castle and St. I rney. fhe 
schistose varieties are certainly contemporaneous with the associated sedimentai^ 
deimsits, while dykes of greenstone and other compounds of hornblendic and fel- 
snathic matter are seen to out through the various accumulations, ana ogous to those 
which are produced in the beds of ash, and filled by lava ou the flanks of volcanos, 
in cases where the latter are partly submarine; traversing shales, clays, and other 
aoucous deposits, as well as the ash, which in such cases may readily have become 
iu'terstratified among them.” In the continuation of the beds near 
the schistose accumulations of ash so graduate into the common kinds of deposit of 
mud and silt that no correct distinctions can be drawn between them. 
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detrital matter associated with it, as well in the continuation ol‘ a 
contemporaneous deposit as in successive deposits, in tlic one case 
pointing to a gradual removal from the source ol‘ supply, such as a, 
volcanic vent ; in the other, to an unequal supply over the same 
area, occasionally intermittent, so tliat common deposits were 
effected on a sea-bottom at intervals. Good examples of these 
kinds of igneous accumulations, with an intermixture of solid 
molten matter, some of the latter showing large-grained compounds 
of* felspar and hornblende, are to be found in the direction oi‘ 
Da\ddstow and St. Cletha. In certain of the ash-beds much 
calcareous matter is sometimes found, assisting as a cementing 
substance. They are so calcareous near Grylls, on tlic south of 
Lesnewth, that attempts have been made to burn the compound 
rock for lime. 

Upon attentively examining the compositi(')n of those beds of 
igneous substances whicli are arranged amid the ordinary deposits 
of the time, it is found to vary much as to the molten products 
associated with the general mass of deposits. While some, like tlie 
trachytic tuffs of modern times, are chiefly formed of the compo- 
nent parts of felspar, others are more like the dolerite tuffs, and 
contain substances usually found in augites and hornblendes, while 
others again partake of tlie character of botli. Seeing tliat, like 
the ordinary muds, silts, and sands with which they are associated, 
they have become consolidated, and like them also have been ex- 
posed to the passage of water through them, as well when buried 
deep (by depressions of the general area) beneath their present 
levels, as when exposed, as now, to atmospheric influences, many of 
these rocks may not now contain all the substances originally dis- 
tributed in them, wliilc tliey, like the otlicr deposits associated 
with them, may liavc received additional mineral matter. It will 
readily be inferred that soluble substances, such as tlie silicates of* 
s^xla and potash, may have been removed during the long lapse of 
geological time in which they may have been exposed to inodiliea- 
tion and change. Though there is this difficulty, much may yet be 
accomplished by accurate analysis of portions carefully selected. 

In Derbyshire the observer will again see igneous rocks associated 
with ordinary depjsits ; in this case with limestone, known as the 
carboniferous or mountain limeshme, in such a manner that their 
relative geological antiquity can be ascertained. Careful investiga- 
tion shows that in that area, at least, and jirobably much beyond 
it (beneath a covering of the sands, shales, and coals, known as tlie 
millstone grit and cfjiil measures), and after a certain amount of 
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these limestones had been accumulated, there had been an outburst 
and overflow of molten rock, irregularly covering over portions of 
them. And further, that after this partial overflow, the limestone 
deposit still proceeded, probably spreading from other localities 
where the conditions for its accumulation had continued uninter- 
ruptedly. Occasionally water action upon the igneous products 
may be inferred prior to the deposit of the calcareous beds upon 
them, if not also a certain amount of decomposition of the former, 
the limestones immediately covering them containing fragments 
(some apparently water-worn), and a mingling of tlie subjacent rock, 
such as might be expected if calcareous matter had been thrown 
down upon the exposed and decomposed surfaces of the igneous 
rock. In some parts of the district another outflow of the same 
kind of igneous rock again took place, and was again covered by 
limestone beds, so that in such portions of the area, two irregularly- 
disposed slieets of once molten rock are included among the mass 
of the limestone beds. 

The following section (fig. 209) of* part of this district,* by 
Professor John Phillips, may serve to illustrate the mode of* 
occurrence of these beds of igneous rock, tlie areas of wliich do not 
coincide, so that one outflow did not exactly cover that overspread 
by the other. In this section, a a arc the igneous rocks, locally 
known as toadstones^^ and b b tlie limestones, c being the covering 
beds of millstone grit, and //faults. 


Fig. 20 ). 

Tin Cop, How 



ONE MILE 

Natural sections (many of which are excellent) and mining 
operations show that as regards thickne^ss tliesc overflows vary 
considerably, so much so as to aid the observer in forming some 
estimate of the localities whence the molten matter, when ejected, 
may have been distributed around. 


* A reduced portion of one (No. 18) of the horizontal sections of the Geological 

Survey of Great Britain. i, u 

+ Trofessor John Phillips suggests that this name is a corruption of the German 
word todteaeia ; rothe Uxltc Ikgcnde (red dead, or unproductive bed), being a tera 
applied by (Jerman miners to the unproductive rocks subjacent to the coppcr-beanng 
slate of Mansfield and other localities. In like manner, the name Barma^er, given to 
those wlio superintend the distribution of the mines and collect the diiM or royalties, 
lias long been considered a corruption of J»«-i„»«stcr.-ScePilkington s Dcrhyslure, 

1789 , p. no. 
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Although there are clays amid the limestones in the relative 
positions of the igneous rocks, and some of these seem clearly little 
else than such r<X 5 ks in a highly-decomposed state, retaining the 
arrangement of their component mineral substances, as, for example, 
at the isolated boss of limestone at Crich, protruding (at a distance 
of 34 miles from the main mass) from the squeezing action to which 
these rocks and the coal measures above them have been subjected, 
through the lower part of the latter, known as milUtom grit, it 
would scarcely be safe to conclude that all lying nearly in the 
same general geological levels were so, inasmuch as some of them 
may be clays of another character. Care on this head is rendered 
necessary by finding a clay — a true underclay of the coal-measure 
kind, — supporting a thin bed of impure coal in the higher part of 
the limestone series near Matlock Bath.* 

In the case of Derbyshire, though there may have been a removal 
of a portion of the igneous beds by the action of water upon their 
exposed surfaces (and an attentive examination of the upper over- 
flow likewise shows a quiet adjustment of the limestone beds 
formed upon it), no deposits resembling the ash and lapilli beds 
abov’e mentioned as found in Devon and Cornwall, Wales and 
Ireland, have yet been detected. There is no evidence showing 
an accumulation of ash and cinders in the manner of subaerial 
volcanos. If there had been such, and this had been attacked by 
breaker action and currents, the geologist would expect to discover 
some portions included amid the limestone beds, and such ha^^e not 
been found. It may readily have happened, therefore, that the 
igneous matter was thrown out in a molten state, without any 
accompaniment of ash and cinders ; and this might have taken 
place as well beneath the level of the sea as above it. 

Upon examining the structure of the igneous rock, it is found 
to be partly solid, and confusedly well crystallized, a compound of 
felspar and hornblende, with, sometimes, sulphuret of iron: It is 
partly vesicular, in some localities highly so ; the vesicles, as usual, 
filled with mineral matter of various kinds,t where tlic rock lias 
remained unaffected by atmospheric influences, but exhibiting the 
original and vesicular state of the molten rock where these have 


♦ This impure be<l of Cfial was cut while driving the tunnel through the High Tor, 
for the railway running by Matlock Bath, and is to be well seen, dipping rapidly, 
with the other beds, in the drift cut into the cavernous mine, part of which is shown 
by the name of the Rutland ('avern, at the Heights of Abraham. 

t Carlionate of lime, as might be expected, is a very common substance in these 
vesicles. 
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removed the foreign substances in them. In some localities the 
scoriaceous character of the rock is as striking as amid many vol- 
canic regions of the present day. Like more modem igneous pro- 
ducts, also, it will often be found decomposed in a spheroidal form. 
The following (fig. 210) is an example of this decomposition at 
Diamond Hill, on the south side of Millersdale, where the con- 
cretionary structure has been developed somewhat on the minor 
scale, and the size of the spheroidal bodies is about that of bombshells 
and cannon-balls. 


Fig. 210. 



It will be thus seen that amid the older fossiliferous deposits 
igneous rocks may be so associated as to give the relative dates of 
their ejection, even in such a manner as to lead to the inference 
that in some cases there have been subaerial volcanic vents at hand, 
whence molten matter, cinders, and aslics may have been thrown 
out, as in the present day, the elementary substances of which 
this ejected matter is composed, reminding the geologist very 
strongly of tliose thrown out in a similar manner in modern vol- 
canos. As has been stated (p. 553), it will require the observer 
to readjust in his mind the various parts of countries, like those 
noticed in Cornwall and Devon, Wales and Ireland, replacing the 
portions now removed by denudation, properly to consider this 
subject with reference to the relative times when the various igneous 
products were ejected and accumulated amid the ordinary sedi- 
mentary deposits of that early geological time. Let the following 
section (fig. 211) be one of a volcano, so situated that while lava 



currents and dykes of molten matter (a a a) were thrown out and 
became mingled with subaerial tuff and volcanic breccias (b b 5), 
subaqueous deposits were formed near and over these products, 
mingling volcanic and ordinary detritus in the same or associated 
beds. 

2 0 
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If the volcanic action ceased, and the general area were depressed 
so that new and ordinary chemical or detrital deposits, d d were 
effected, and the whole was merely tilted, not complicating the 
subject with squeezing and contortion, and some new surface, w, 8, 
be given to the general mass, as shown beneath (fig. 212), the ob- 


Fig.212. 



sers^er will at once perceive that the mode of occurrence of the 
igneous rocks amid the ordinary deposits will require careful con- 
sideration and study. He will see that a hasty investigation is 
not likely to afford the requisite data, and tliat prolonged research 
is needed for very exact determinations, though he may often find 
sufficient in a short time, if the natural or artificial sections be 
favourable, for a just general view of the subject. 

When Igneous products are not associated with ordinary fossi- 
liferous deposits in the manner mentioned, and often, unfortunately, 
they cannot be so favourably studied, a geologist may still obtain 
certain relative dates by their mode of occurrence on the great 
scale. Fortunately, we may again take the British islands for 
illustration, as showing how much may be found connected witli 
the subject even in that minor area. When the granite range of 
Wicklow and Wexford, and which also includes portions of adjacent 
counties, is examined with reference to the rocks in contact with 
it, it is seen tliat certain Cambrian and Silurian rocks, the range 
of which it traverses in a slanting manner, are upturned, much 
modified in their mineral structure, when in contact with the 
granite, and often much broken at the junction ; even huge masses 
of them included in the latter, granite filling the cavities and 
fissures thus produced ; so that little doubt is left that these rocks 
were formed prior to the intrusion of such granite. Thus far the 
observer merely obtains evidence of no very definite kind as to the 
actual period of this intrusion, though in the district notic('d he 
would see that this kind of igneous action took place after that 
which in the same area produced an out-throw of felspathic and 
homblendic products as above noticed (p. 553). He only discovers 
that the one set of igneous products has been uplif ted by the other. 
Continuing his researehes, he sees certain conglomerates of the old 
red sandstone reposing quietly upon the granite, and, when this 
happens, containing rounded portions of that rock, as well as 
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mucli finer detritus from it. He also finds where the same con- 
glomerate stretches over the disturbed older rocks, with their 
included igneous products, that rounded and angular fragments of 
these products are imbedded in it. He has now the approximate 
relative date of the granite of the district, so far that it rose up 
after that portion of the Silurian series was formed which is there 
disturbed, and prior to such portion of the old red sandstone 
series as is represented by this conglomerate. We will suppose 
that he has obtained evidence of a portion of the Silurian series 
disturbed being the lower, and of the conglomerate representing 
some higher or middle portion of the old red sandstone series, as 
found developed elsewhere in the British islands. There would 
then, no doubt, be something of an interval in the geological series, 
during which the uprise of the granite may have taken place, never- 
theless the observer has, by the means employed, arrived at a 
certain approximation of no slight value as to the real relative date 
of its protrusion. 

To show this value, it is only needful to turn to Devon and 
Cornwall, where at such a comparatively trifling distance, the geo- 
logist finds a granite of much the same general character pro- 
truding tlirough the equivalents of those accumulations which have 
quietly covered the Irish granite mentioned, alter its consolidation, 
the disturbance caused by the uprise of* the Devonian and Cornish 
granite extending to the lower portion of the coal measures, as 
may be seen around the northern part of Dartmoor, where veins 
extend from the granite in that direction into these sedimentary 
rocks, in the same manner as into the Silurian deposits of Wicklow 
and Wexford. In the case also of the granites of Cornwall and 
Devon, it becomes necessary to seek for evidence as to any deposits 
so occurring as to show the geological dates between which their 
uprise was effected. Throughout the greater part of the district, 
evidence of the kind required is not to be found, but on the east- 
ward of Dartmoor, and of the continuation of* the deposits which 
have been disturbed at the time these granites were intruded, beds 
are found, known as the new red sandstone series, reposing quietly 
on the disturbed rocks, the lower portion of them containing rounded 
and angular fragments of the latter. It would thus appear that the 
approximative date for the elevation of the Cornish and Devonian 
granites amid the accumulations effected up to that time, was some- 
where between the lower part of the coal-measure series (including 
the millstone grit of central England in that series), and the lower 
portion of the new red sandstone deposits. 


2o2 
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Thus in south-eastern Ireland and south-western England there 
is evidence of two protrusions of granite at different geological 
periods, different rocks of known relative ages being disturbed on 
the one hand and unmoved on the other, so that approximative 
dates are obtained for both protrusions. If in the annexed section 
(fig. 213) a, a, be a mass of granite thrust upwards through sedi- 

Fig. 213. 


mentary beds b b, sending veins into fractures effected in them, as 
well as modifying their mineral structure at the junction, and c be 
an accumulation containing rounded or angular fragments of a and 
5, it follows that the relative geological dates of b and c being known 
that of the protrusion a, a, would be known, also, within greater or 
less limits as the formation of b and c may be separated or ap- 
proximate to each other in the geological series. This would be 
the case of* south-eastern Ireland. In that of Devon the disturbed 
beds b 5, altered as before, and with granitic veins a, a, in them, 
would be covered by beds / reposing quietly on them, and also con- 
taining fragments of them, with here and tlierc igneous rocks, e, 
interposed. 

Usually the relative dates of the rise of molten mineral substances 
into fissures of prior-formed rocks, such portions of igneous 
matter, known as di/kes, cannot be obtained when tliese are un- 
covered by accumulations of which the prjsition in the geological 
scries is kn(»wn; as, for example, if, in the subjoined section 
(fig. 214), a and b be dykes of any igneous rocks cutting tlirough 


Fig. 214. 



some sedimentary deposit c dy and these be uncovered by any ac- 
cumulation of ascertained geological date, the exact relative time 
when the cracks were effected and the molten matter rose in them 
would remain uncertain. It sometimes happens, however, that 
some evidence as to relative date may be obtained, of a fair ap- 
proximative kind, even with respect to dykes of this charac*.ter. It 
would not be sufficient that they cut one set of rcjcks, and not an- 
other, in some given district, without further general evidence, so 
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as to refer them with certainty to a particular time, anterior to the 
formation of the beds not cut by them, since it may have happened 
that contemporaneous causes did not act beyond a given area, though 
in certain of these cases there may appear much to support an in- 
ference to that effect. For example, numerous greenstone dykes arc 
found to traverse the Cambrian rocks in Merionethshire and 
Caernarvonshire, while these are not observable amid certain upper 
Silurian deposits in Denbighshire and Flintshire, and contempo- 
raneous igneous rocks are associated with intermediate accumulations 
in Caernarvonshire, and other adjacent counties. It might hence 
be inferred that, wlicn the igneous eruptions producing the latter 
were effected, fissures were formed in the still more ancient deposits 
(Cambiian) and molten matter injected into them, and that igneous 
action ceasing, the adjoining higher parts of the Silurian deposits were 
undisturbed by the intrusion of any igneous matter. It is far from im- 
probable that this inference would, in a great measure, be correct ; but 
that it is not wholly so, the inspection of dykes of the same kind tra- 
versing various parts of Anglesea, and seen to cut into the coal 
measures of the Menai Straits, between Bangor and the great sus- 
pension bridge, at once shows. It may readily have happened that 
igneous matter had been thrown into fissures formed at these different 
times in even the moderate area of Caernarvonshire and Anglesea, and 
hence it would be hazardous, without other evidence, to decide upon 
one dyke being separable in geological time from another, even when 
not far distant from each other, at the same time that many pro- 
babilities might seem to exist as to the relative date of some of 
them. 

The granitic and porphyry dykes in Cornwall and Devon, known 
locally as elvans^ may be taken in illustration of the approximation 
to relative geological dates occasionally attainable. It has been 
seen that the granites of that district were upraised posterior to the 
deposit of the lower part of the coal measures, and anterior to that 
of the new red sandstone series. Subsequently to the protrusion of 
the granite, and to, at least, its partial consolidation, fissures were 
formed traversing both the granites and the \arioiis disturbed sedi- 
mentary rocks adjoining them, and into these fissures molten matter 
was introduced, as shown previously (fig. 7, p. 9), and as may be 
further illustrated by the following section (fig. 215), seen on the 
cliffs at Trevcllas Cove, near St. Agnes, where an elvan a, cuts 
through the slates b, and is traversed by dislocations/, /, one of 
which materially shifts the rocks, and thereby displaces the clvau 
dyke, near the sea. With respect to the same fissures having tra- 
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versed both the previously-consolidated rocks and the granite, the 


Fig. 215. a 



following map (fig. 216) of part of the mining district of Gwennap, 
Cornwall, may be useful, a, a, being the granite, c, c, the scliistose 

Fig. 216. 



rocks broken through by it, 6, 6, the elvan dykes, and greenstone, 
The fissures Vy v, v, and d, d, d, were produced at different sub- 
sequent periods, some of them variously filled by the ores of tin and 
copper, or other substances, and known (locally) as lodes and cross 
courses. 

Upon examining the composition of these elvans, they are found 
to be formed of* matter similar to that of the granites of the 
districts, usually corresponding with any modifications observable 
in patches of that rock exposed nearest on the surface. Indeed, 
they seem merely portions of the same general matter which rose 
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in fissures formed by the cracking of the adjacent granite, only 
consolidated in its higher parts, such cracks also extending through 
the various rocks above the granite. The relative date would be 
only so far thus obtained as to show that the filling of the fissures 
was posterior to the intrusion of the main masses of granite, some 
of the latter rock, in its molten state, readily rising into such 
fissures, formed both in its own higher parts, and in any covering 
rocks.* 

Proceeding eastward from the Dartmoor granite to the boundary 
of the new red sandstone series, where this reposes on the uneven 
surfaces and indentations of the older and previously-disturbed 
fossiliferous deposits in that direction, igneous rocks are found 
associated with its lowest part in some localities, pointing to local 
igneous action, while these lowest beds were accumulating. Not 
only are some of these lower accumulations so entangled with the 
igneous rocks, that there appears difficulty in not considering them 
of contemporaneous production as a whole ;f but there would also 
appear to be traces of subaerial action. The latter seems to occur 
near Calverleigh, where, as in the annexed section (fig. 217), a, a 


Fig. 217. 



represent the disturbed beds of the lower coal measures, at part of 
an ancient gulf amid those rocks ; b, a conglomerate wholly com- 
posed of* portions of these subjacent deposits, cemented by red 
sandstone and argillo-arenaceous matter, without any fragments of 
igneous rocks ; c, felspathic porpliyries, and more compact 
felspathic rocks, some scoriaceous ; and J, conglomerates and sand- 
stones, fragments of the igneous rocks, and others of a similar 
character, being contained in the conglomerates. Along the range 


* Occasionally fragments have been detached from the adjacent rocks, and en- 
veloped in tlie molten matter of the el vans. That at Fentuan is among the best 
examples of this circumstance. This elvan is a fine-grained compound of felspar and 
quartz, wdth crystals of mica. Fragments of the slate rocks traversed are found in it. 
Occasionally, though rarely, there are portions of quartz which appear to have been 
broken off some quartz vein in the slates, and thus became, like the other fragments, 
included in the molten rock. In a branch of the Pentuau elvan, taking a course 
alongshore to the Black Hoad, the fragments derived from tlie adjoining rocks are 
very numerous, decreasing in abundance from the sides of the dyke towards its 
central part, in which they are rarely detected. 

f The intimate connexion of igneous nxks and the red sandstone series at Thor- 
verton and Silverton was pointed out, in 1821, by the Rev. J. Conybeare, “ Annals of 
Plulosophy,” new series, vol. ii., p. 161. 
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of the igneous rocks, particularly on the north of them, there is an 
arenaceous deposit, here and there mingled with the ordinary 
sandstone, which bears a great resemblance to a volcanic product, so 
much so as to lead to the inference that it had been ejected in the 
manner of volcanic ash, and that, falling into water, it had been 
mingled with the mud, sand, and gi'avel, adjoining some volcanic 
vent of the time.* 

The igneous rocks of this date can be well studied at the base of 
the new red sandstone series from Exctc*r to Haldon Hill. They 
are seen at Pocombe Hill, resting directly on the edges of the dis- 
turbed and subjacent coal measures, and are chiefly formed of a 
siliceo-felspathic compound, with occasional though not numerous 
vesicles. These igneous rocks are also well exhibited between Ide 
and Dunchidiock, resting on similar accumulations. Near Western 
Town, the intimate connexion between them and the red sandstone 
and conglomerates can be seen. By reference to geological maps^ 
it will be observed that the igneous rocks thus associated with the 
lower portions of the new red sandstone series near Exeter, 
Crediton, Thor ver ton, Kellerton, Sllverton, and even near Tiver- 
ton, have been thrown out in a prolongation of the general direction 
of the gi’anite bosses and elvans extending from the Scilly Islands to 
Dartmoor. By examining their component parts, they are observed 
to be formed of substances corresponding with those found in these 
granites and elvans. While many of them present a porphyritlc 
character, others are more homogeneous in structure, and some- 
times vesicular. Much of the lower new red conglomerates and 
breccias in the neighbourhood of these igneous rocks is composed 
of fragments derived from them, so that these fragments, if* again 
gathered together, would constitute no inconsiderable mass. 
Among them many porphyries are found, as well containing 
quartz as felspar. Masses of the igneous rocks from which they 
are derived are not often observable, though in such a district 
the portions visible on the surface afford no measure of* the 
igneous masses which may be buried beneath a thick covering 

♦ The facts in this locality would appear to show, that along a range of ancient 
coast, of a date corresponding to the first production of the new red sandstone series 
of Devon and Somerset (sec Maps of the Geological Survey, Sheets 20, 21, 22), there 
Mas (1) a subaqueous valley, or depression, among the disturbed coal measures, 
there occurring, the partial abrasion of which, by breakers on the shores adjoining, 
produced (2) the shingles, and other detritus, now forming a conglomerate. Sub- 
scijuently (3), igneous products were accuinulate<], probably ejected from a neigh* 
bouring vent, which, with others in South Devon, M ere then in action ; and finally a 
partial destruction of these rocks afibrding (4) some of the materials for a conglome- 
rate, afternards formed. 
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of detrital matter. It is, therefore, important to observe por- 
phyries in place, sometimes only containing quartz crystals; at 
others, these mingled with crystals of felspar, associated with 
the lower part of the new red sandstone series, at Ideston and 
Knole. 

Weighing all the facts thus observable, the geologist might be 
led to infer that the date of at least some of the elvans of Cornwall 
and Devon, though they are uncovered by deposits affording direct 
means for approximating to the time when they rose in the fissures 
where they are found, might not very materially differ from the 
commencement of those accumulations which constitute the lower 
portion of' the new red sandstone series of that part of England, 
granitic matter constituting the base of the various rocks ejected, 
and being merely modified in its aspect according to the varied 
conditions to which it had been subjected. So much denudation 
has taken place in this region since these ancient igneous rocks were 
ejected, that no doubt many a mass showing any connexion which 
once existed between such igneous rocks as those near Exeter and 
other adjacent parts of* Devonsliire has been swept away. As illus- 
trating a denudation of deposits of the new red sandstone series in 
Devonshire, so that a portion of them only now remains, we have 
already noticed the Thurlestonc rack in Bigbury Bay (fig. 47, 
p. 52), a detached piece of the small patch there occurring. Pro- 
ceeding still further westward to Plymouth Sound, a porphyritic 
rock, of the same general kind as those which are found near 
Exeter, is seen cutting through the Devonian rocks at Cawsand, 
and on the coast thence towards Redding Point,* forming, as it 
were, a sort of connecting link between tlie elvans more westward 
and the igneous rocks above noticed, and appearing to constitute 
the denuded remains of the lower part of the new red sandstone 
series, extending, with an admixture ol* igneous products, in this 
direction, a small patch still remaining of the old continuous 
deposit at Bigbury Bay, and at Slapton, in Start Bay. 

With respect to the elvan dykes in the counties of Wicklow and 
Wexford, which in their mode of occurrence and aspect resemble 
those of* Devon and Cornwall, though an observer does not appear 
to possess the same opportunities of inferring their relative dates, 
inasmuch as igneous rocks, composed of similar substances with 


* This porphyritic rock is a compound of felspar and quartz, containing crystals of 
mica, and, more rarely, of felspar. It is of a somewhat earthy character, probably, 
from’ the effects of decomposition. The colour is reddish, as a mass, mixed occa- 
sionally with spots of I^luish green. 
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these elvans, have not hitherto been detected in the lower part of 
the old red sandstone covering up the disturbed rocks in which the 
fissures, filled hy them, have been effected ; still, as the old red 
sandstone contains portions of tlie granite of the district, and is 
uncut by the elvans, it might be inferred that the date of these 
elvans was not only posterior to the granite, but also anterior to 
the old red sandstone. They are to the granites of this part of 
Ireland what the elvans of Devon and Cornwall are to the granite 
of that part of England. They seem the result of cracks from the 
cooling and solidification of a crust, so to speak, of the molten mass 
beneath, such cracks passing through superincumbent rocks 
adhering to this cooled and solidified crust. The elvans of Wick- 
low and Wexford can be well studied, not only inland but on the 
coasts. Good examples of their mode of occurrence at the latter 
are to be found at Seapark Point, Wicklow. 

Of the two classes of igneous rocks above noticed, the one chiefly 
differs from the other chemically, in the presence, in part of one 
class only, of a larger proportion of lime and magnesia, these some- 
times replaced by oxide of iron. Tliis difference is principally 
confined, as a whole, to that portion of one class which contains the 
mineral named homllende in which the silicates of lime and mag- 
nesia, though somewhat variable in quantities, form marked ingre- 
dients, the lime alone mounting to from 10 to 15 per cent, of that 
mineral, and the magnesia varying from 15 to 25 per cent. 
Usually in these rocks the protoxide of iron more or less replaces 
some of the lime or magnesia of the hornblende. The presence of 
hornblende, when in proportions extending even to Jth or ^rd ol' the 
mass, renders the rock in Avhich it thus occurs far more fusible than 
the compounds of felspar and silica, or of felspar, quartz, and mica, 
a difference due probably, in great measure, to the silicate of lime 
acting as a flux. 

In the other igneous rocks, those which have been ejected in a 
molten state (not referring to those which have been noticed under 
the head of modem volcanic products), and in the first place con- 
fining our attention to the great mass of them composed of two or 
more of the minerals named quartz, felspar (whether orthoclase or 
albite), mica and hornblende, as chief and prevailing substances, 
neither in the compounds of quartz and felspar, nor in that of 
quartz, mica, and felspar (orthoclase or albite), is there the same 
amount of lime as when hornblende enters into the mass. The 
prevailing mica in such rocks seems to be that commonly termed 
potash-mica, from that substance being a marked ingredient in it. 
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In this mineral the lime is usually in very small quantity, com- 
monly under 1 per cent. In the Uthia and magnesia micas it is 
rare, and, when foimd, has been so only in very small proportion. 
In the felspar, also, when either orthodase or albite, members of 
this family apparently much distributed amid the older igneous 
rocks, lime has only been detected hitherto in small quantities, 
rarely in proportions equal to 1 per cent.* In compounds wherein 
labradorite is found, the case would be diflFerent, since t.hifl is a 
felspar in which lime usually occurs in comparatively large propor- 
tions, from 10 to 15 per cent. Silicate of lime, therefore, would 
appear to constitute a marked source of difierence between the 
igneous rocks with and without hornblende and labradorite. With 
respect to the magnesia in many hornblendes, this also would be a 
substance of importance when compared with compounds of quartz, 
felspar (either orthodase, albite, or labradorite), and mica, unless 
the latter were magnesia mica, into which this substance is found 
to enter in proportions varying from 10 to 15 per cent., or those 
varieties of felspar which have been referred to orthodase, and yet 
contain from 10 to 20 per cent, of magnesia. 

As the trachytes of more modern geological times have been 
inferred to be some modifications of granites (p. 360), the observer 
might be induced to inquire how far the old igneous products 
noticed as occurring like certain of those of the present time may, 
in like manner, have been modifications of granitic matter beneath 
them ; how far, in fact, certain of the molten felspathic rocks of 
the British islands associated with the older fossiliferous deposits 
may have been the trachytes of those times, and have been derived 
from granitic matter below them, such granitic matter afterwards 
upheaving these earlier modifications of portions of it, when geolo- 
gical time advanced and with it conditions for such a movement. 
With the hornblendic compounds there would be the same diffi- 
culty as with the modern dolerites and lavas of’ that class, so far as 
the silicate of lime was concerned, though in both cases, suppe^sing 
silicate of lime to form a marked part of a fused muss, that it should 
be ready, as a substance aiding in fluxing others, to be thrown 
upwards, might be anticipated from the conduct in our furnaces of 
the slags into which silicate of lime largely enters. 

♦ Dr. Abich found 1 • 26 of lime in the orthodase of the trachyte of Pantellaria, 
and 2*06 in tlie basis of the Drachenfels trachyte. The orthodase of the older 
igneous rocks has not hitherto afforded any proportion of this kind, though at the 
same time, it must be confessed, that the igneous rocks of that date have not, as yet, 
received sufficient extended examination to arrive at any accurate results as to the 
chemical composition of the greater masses. 



572 


COMPACT FELSPAR AND PEGMATITE. 


Ch. XXIX. 


Respecting the compound of the matter of felspar and an addi- 
tional quantity of silica, beyond that required for the silicates in 
the minerals of that family, good opportunities are often afforded 
for studying the variable aspect it assumes as the conditions for 
cooling may have been favourable, or otherwise, to the crystallization 
of the felspar. When cooled so that the crystallization is not 
apparent, the compound has a homogeneous aspect, and is commonly 
known as compact felspar ; when confusedly crystallized and silica 
is well separated, as quartz, from the other ingredients, it forms one 
of those binary granitic mixtures sometimes termed granltello and 
pegmatite. Occasionally crystals of felspar being developed wliile 
the^ remainder of the rock retains its homogeneous character, a 
variety of homstone porphyry is produced.* The variable aspect 
of the less crystalline varieties may be seen in numerous situations, 
the complete crystallization not so frequently.! In countries 
in which granitic matter has upheaved the prior superficial accu- 
mulations of this class, the resemblance of some kinds of products 
is sometimes so considerable as occasionally to lead to much 
ambiguity respecting their relative dates. 


♦ Of a columnar mass of the latter, the columns in part somewhat bent, a good 
example may be seen among the igneous products associated with the Silurian series 
west of Knock Malion, on the coast of Waterford. 

t A good example of a binary compound of quartz and felspar may be found 
among the igneous rocks amid the C ambrian series, close to the town of Caernarvon, 
on the northward ; part of a portion of molten matter, in which the more common 
homogeneous mode of occurrence of the silicates of the felspar combined with the 
quartz, prevails. 
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MODE OF OCCURRENCE OF GRANITES IN SOUTH-WESTERN ENGLAND AND 
SOU PH-EASTERN IRELAND.— GRANITE VEINS. — CHEMICAL COMPOSITION OF 

GRANITIC ROCKS. SCHORLACEOUS GRANITES OF CORNWALL AND DEVON. 

— SLIGHT COVERING OF OTHER ROCKS OVER THE GRANITES OF WICKLOW, 
WEXFORD, AND CORNWALL. — SERPENTINE AND DIALLAGE ROCK OF CORN- 
WAT.L. — SERPENTINE OF CAERNARVONSHIRE — OF ANGLESEA.— CHEMICAL 
COMPOSITION OF SERPENTINE — OF SERPENTINE AND OLIVINE COMPARED. — 
COMPOSITION OF GREENSTONE AND SYENITE. — RESEMBLANCES AND DIF- 
FERENCES OF ORDINARY GRANITIC AND HORNBLENDIC ROCKS. — GRANITIC, 
FELSPATHIC, HORNBLENDIC, AND SERPENTINOUS ROCKS EJECTED AT VARIOUS 
GEOLOGICAL TIMES. — RELATIVE FUSIBILITY OF IGNEOUS ROCKS. — MODI- 
FICATION OF THE MATTER OF IGNEOUS ROCKS. — ADDITIONAL MINERALS 
ENTERING INTO THE COMPOSITION OF ORDINARY IGNEOUS ROCKS. — 
GENERAL CHARACTER OF IGNEOUS ROCKS. 

Whether the observer studies the granite of south-western Eng- 
land, or that of prior elevation in south-eastern Ireland, he finds 
the same general mode of occurrence, one very different from that 
of the igneous products associated with the Devonian rocks in one 
district, and the Silurian rocks in the uthrr. There is no inter- 
stratification and contemporaneous intermingling of parts, but, on 
the contrary, evident protrusion in mass, and a subsequent filling 
of fissures traversing the beds of pre-existing deposits. In both 
districts, the granitic protrusions appear the accompaniments of 
great contortions, foldings, and even dislocation < of prior accumu- 
lations of all kinds, as if, amid this squeezing and new adjustment 
of such accumulations, molten matter beneath rose upwards (there 
being sufficient pressure upon it), and occupied areas where the 
resistance of any prior superficial covering was insufficient to resist 
this intrusion. 

Upon examining the boundaries of the granitic masses observable 
on the surface, the amount of fractures affected around them, and 
in the various rocks adjoining, is found to be considerable. Indeed, 
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where opportunities are afforded either by natural exposures or 
artificial sections, they are seen to be common. Thus, inde- 
pendently of any great movements or dislocations of prior-formed 
rocks of all kinds, the margins of the granitic intrusions are them- 
selves marked by abundant fractures on a minor scale, as if those 
intrusions had themselves in some measure been connected with their 
production. As to the extent of the fractures into the adjoining 
and prior-formed rocks, it may be considered as somewhat insig- 
nificant when regarded with reference to their mass and that of the 
granites. In the range of the Wicklow and Wexford granite, not 
only are these cracks found abundantly, but evidence is also 
afforded of huge detached masses of dctrital rocks being apparently 
embedded in the external parts of the same granite. This can be 
well studied in Glenmalure, where such great masses seem as il* 
partly contained in the granite, having floated on that rock when 
in a molten state, like great icebergs in the sea, and like tliem also 
in part submerged. No doubt this may be only appearance, as the 
parts connecting these masses may have been removed by denuda- 
tion. At the same time when sections are made of the whole on 
a scale equal for height and distance, and all the foldings of the 
older rocks are considered, a great breaking up of the latter seems 
needed to account for the mode of occurrence of all the rocks. No 
doubt that much of both the older rocks and the granite of south- 
eastern Ireland has been removed by denudation effected during a 
long lapse of geological time, often by abrasion from heavy breaker 
action, while rising above or descending beneath the ocean level 
yet there still appears to have been disruption of the prior-formed 
Cambrian and Silurian rocks. The curve, which agrees with the 


♦ It is not a little interesting, in this part of Ireland, to study the denudation with 
reference to the exposure of both the granite and altered sedimentary rocks (for they 
and certain associated igneous products of that date are much modified and altered, 
as will be hereafter noticed) to the same degrading forces. The granite is often of a 
decomposing kind, while the altered rocks are, for the most part, tough ; hence the 
exposure of both to the same abrading force has caused the softer substance to be 
worn away more than the harder. In consequence the tough altered rocks have been 
the means of preserving much of the granite beneath them from removal. Lugna- 
quilla, the highest of the range, is capped by these altered rocks, now chiefly mica 
slates ; and many other examples of heights and flanks of mountains thus preserved 
may be seen. When this denudation is also studied with reference to an Atlantic 
exposure, the interest is not lessened, inasmuch as the western flanks of the moun- 
tains point to more abrasion on that side than on the east, just as would happen from 
the destructive influence of Atlantic breakers, rolling in, as now, from the westward. 
It requires very little imagination, when standing upon some parts of this range, to 
fill up the lower ground with sea, so that the Atlantic may break upon the cliffs 
beneath, facing the west. In the range of mountains near that named Blackstairs, the 
cliff character of the western flanks is very marked. 
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upraised masses of the prior-formed rocks, and fortunately many 
of these are still preserved, showing the probable extent to which 
they have been so raised to a height above those crumpled and 
folded on either side, is of the kind represented beneath (fig. 218). 
This may not be considerable, yet it seems difficult to obtain the 
effects produced without much separation as well as disruption of 
parts of the older rocks. In this section, upon the same scale for 

Fig. 218. 



heights and distances, a ( 2 , is the intruded granite, c c, the contorted 
and older rocks on either side, altered near the granite, and 6 6 6, 
portions of them uplifted, a large mass forming the summit of (L) 
Lugnaquilla. 

Upon examining the contents of the cracks in the prior-formed 
rocks surrounding the granitic masses, they are found filled with 
the granite in such a manner as to show tlic comparative liquidity 
of that substance when the cracks were made and filled, for even 
fine threads may be occasionally seen, branching out of* the main 
cracks, with granitic matter in them. Though, as might be 
anticipated, the crystallization of this matter is modified in the finer 
fissures, from differences of* the rate of cooling alone, the contents of 
the granitic veins generally would point to long-sustained heat 
among the intruded rocks, the whole having probably required a 
considerable lapse of time for solidification. The following sketch 
(fig. 219) of some granitic veins at Wicca Cove, or Pool, near 


Fig. 219. 



Zennor, Cornwall, may serve to illustrate the mode of occurrence 
of many of them, and the annexed section (fig. 220) will show their 
connexion with an adjacent mass of granite behind the rocks ex- 
posed in the sketch (fig. 219), a a, being the granitic veins, 6 6, 
altered slate, and c the main mass of granite. 
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The west coast of Cornwall, exposing the junction of the granite 
of that district with the sedimentary deposits and the igneous rocks 

Fig. 220. 



associated with them, offers many other illustrative instances, as at 
Pendeen Cove, Cape Cornwall, Tetterdu Point, Mousehole, and 
other places. They are also as well and easily seen at St. Michael’s 
Mount. The following sketch (fig. 221), exhibits the section of a 

Fig. 221. 

h h 



somewhat complicated fracture, the shaded parts {a a a) being altered 
slates, and the dotted portion granite, the mass of the latter occurring 
on the side 5, b. Looking at these veins as a whole, it would of ten 
appear as if the prior-formed rocks had not yielded very slowly to 
the force applied, but in a comparatively sudden manner, the 
granitic matter being driven into the cracks, formed by heavy 
pressure, so as to fill up the fine fissures.* There often also seems 
evidence of cracks having been formed after only a mere comparative 

* Portions of these rocks are sometimes found completely isolated in the matter of 
the granitic vein. 
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film of the main mass of granite had been consolidated, granitic 
veins similar to those amid the prior-formed rocks, and clearly 
merging into the main mass of granite, being found alike to traverse 
a certain amount of the external parts of the granite and these other 
rocks.* In general such veins are easily to be distinguished from 
the elvan dykes (the result apparently of subsequent action) by their 
tortuous courses, and by their general resemblance to those first 
formed amid the older rocks at their junction with the granite.’}' 
The chemical cojnposition of granitic masses will necessarily 
engage the attention of the observer, more especially when he con- 
siders that so much of the dctrital deposits of all ages have been 
derived from granitic matter ; indeed, the volume thus distributed 
as detrital accumulations must he enormous. As has been seen, the 
elementary substances forming the chief part of the volume of this 
rock do not appear to be numerous. For certain of the modifi- 
cations of mineral structure it may be again desirable to refer to 
the portions of the British islands already noticed, since the relative 
ages of the igneous rocks in them are so well shown. Funda- 
mentally, the constituents of the granites in south-western England 
and south-eastern Ireland seem little different. The chief variations 
may probably consist in the greater admixture of schorl with the 
other constituent minerals in the former than in the latter; indeed, 
generally speaking, schorl is rare in the gTanites of southern Ireland. 
Such differences can readily be considered as merely local, the same 
molten matter beneath having supplied the portions upraised at 
different geological times. Be this as it may, the presence of* a 
mineral in any abundance which contains boraclc acid as an cssen- 
.tial ingredient, J is one of* importance, more particularly when we 
refer to the researches of M. Ebelmcn, lie having shown that by 


* Instances of this kind are not uncommon, both in south-eastern Ireland and 
south-western England. They are well exhibited at Killiney Hill, near Dublin, and 
the large masses of granite brought from tlience for the harbour at Kingstown 
often show them. They are also to be well seen in the giunite of the Scilly Islands, 
and the exposed granites of the Laud’s End coast, as at Tol-Pedn-Penwith and 
Lamorna Cove. 

t In examining granitic countries it is very needful not to confound the filling of 
joints in granite with quartz, felspar, and mica> in the manner of fissures, including 
mineral veins, M ith the granitic veins noticed in the text ; such modes of filling being 
very deceptive, unless due care be employed. They can, however, be usually well 
distinguished by the manner in which tlie minerals occur in them, showing a deposit 
from solutions against the walls of the granitic fissures, the crystals pointing inwards, 
and arranged in the manner of many common and mineral veins. 

J The analyses of M. Hermann give about 10 per cent, of boraclc acid in schorl, 
of silica, 31 of alumina, a variable quantity of protoxide of iron (4 to 12 per cent.), 
2 to 9 of magnesia, with a few other subordinate, and, probably, accidental substances, 
such as lithia, soda, and potasli. 

9. V 
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emplopng that acid as a solvent, at an elevated temperature, 
minerals may be produced by the evaporation of this solvent, some 
of them gems, such as rubies, which are usually termed insoluble, 
and infusible in our furnaces, a result having a considerable bearing 
upon the production of many igneous compounds.* 

Cornwall and Devon present frequent and good opportunities for 
the study of schorlaceous granites and rocks composed of schorl and 
quartz (usually termed schorl roch) in connection with them. As 
might be expected from the comparatively easy removal of boracic 
acid by considerable heat, the chiefly schorlaceous compounds are 
found at tlie extreme parts of the granitic masses. They vary 
from a simple binary compound of schorl and quartz to mixtures of 
schorl, felspar, quartz, and mica; the latter is, however, not an 
usual ingredient in the granitic rock when schorl is present in any 
abimdance. Complete passages may frequently be traced between 
the ordinary compound of quartz, felspar, and mica, by the gradual 
loss of the felspar and mica, into the simple mixture of quartz and 
schorl, the mica being commonly the first to disappear. The schorl 
sometimes presents itself in radiating bunches of crystals, especially 
amid the quartz.t Here and there different arrangements of schorl 


♦ The researches of M. Ebelmen on this subject are marked by the true spirit of 
philosophic investigation. He sought for a substance which at a high temperature 
acts like water, as regards others dissolved in it. As by the evaporation of water 
certain crystalline bodies might be formed, so, he inferred, that by employing those 
which could be volatilised at high temperatures, yet at a given heat, while in fusion, 
be capable of dissolving the greater part of metallic oxides, certain calculated propor- 
tions of some oxides w'ould crystallize, when the dissolving body was evaporated in 
open vessels at a great heat. Acting upon this view, and selecting boracic acid as the 
solvent, he was completely successful, producing rubies, sapphires, spinels, chryso- 
berjd, chrj^solite, chromate of iron, and others. Crystals of emerald were formed from 
pounded emeralds, when fused with boracic acid and a little oxide of chromiiun. The 
crystals of chrysoberyl were sufficiently large to have their optical properties tried, 
and these w’ere found to be identical with those of the natural mineral. 

t Good examples of nests of schorl in quartz, the crystals radiating, may be seen in 
the Dartmoor granite, as above Bowdley, near Ashburton. Schorlaceous granite and 
schorl rock can be also well seen in the same granitic district at Holnc Lee, and on 
the south of the moor, as also near Tavistock. The granite of the Brown Willy mass 
is not so schorlaceous, though schorl is found, especially towards the south. Near 
St. Cleer, there are compounds of schorl, felspar, quartz, and mica, similar to some 
found on Dartmoor. The St. Austell granite is much more schorlaceous, veins of 
that mineral being common in it. The decomposed granite of that district, furnishing 
so much clay to the porcelain works of England, is extremely schorlaceous. Singular 
stripes of schorl rock are found at its outskirts, as between Watch Hill and Long- 
lane; on the north and south of Burthy Row, near St. £noder,'‘and at the long- 
celebrated Kpche Rock. Near Meladore there is an interesting mixture of schorl 
and quartz, containing large crystals of felspar, some of these decomposed, and 
crystallized schorl introduced into the cavities left by them. At Calliquoiter Rock 
there are variable mixtures of schorl, quartz, felspar, and mica, the outside portions 
formed of the two former. The granite of St. Dennis Hill is in like manner a com- 
pound of these four minerals. The Cam Menelez granite is not so schorlaceous. 
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and of the other minerals are observed. The following (fig. 222) 
is a somewhat marked instance of the adjustment of varied com- 

Fig. 222. 



pounds roimd a kind of central nucleus. It occurs In the Dartmoor 
granite, towards Camwood, a is a cavity not quite filled by long 
crystals of* schorl, crossing in many oblique directions, but with a 
general tendency towards the centre ; J is an envelope of* quartz 
and schorl, the former predominating ; (?, another covering of the 
same minerals, the schorl being more abimdant; and d, a light 
flesh-coloured granite, the felspar predominating. 

Large crystals of felspar are not uncommon in the granites of 
Cornwall and Devon, rendering the rock a porphyritic granite. 
That of Dartmoor is not unfrequently of this character, as is aiso 
the granite of the Brown Willy district, and the same variety may 
be seen in many other localities.* The granites of south-eastern 
Ireland are also occasionally porphyritic, from the distribution of 
felspar crystals amid the ordinary triple (Compound of quartz, felspar, 
and mica. 

Throughout these districts, though the granite may enter the 
fractures of the adjacent and prior-formed rocks, there is no trace of 
an overflow of the igneous matter in a molten state, so that the 
observer is led to infer that, when the intrusion was effected, the 


though schorl is found, and more especially at the confines of the mass. The 
Land’s End granite is schorlaceous to a considerable extent. A variety of schorl 
rock, composed of a base of schorl and quartz, with large crystals of felspar, is found 
close to Trevalga, near St. Ives. Here also, in some parts, the crystals of felspar have 
been decomposed and removed, and tlie cavities more or less filled with crystals of 
schorl. 

* As chiefly differing from the ordinary granite, that of St. Austell is probably the 
most marked, a steatitic mineral therein replacing mica to a great extent, particularly 
in the portions which are found in a decomposed state. Much pinite (a silicate of 
alumina and magnesia, the latter partly replaced by protoxide of iron) is mingled 
with a part of the granite near the Land’s End. 
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igneous rock was not as now exposed to the atmosphere, or beneath 
waters in such a manner that it could pass beyond the broken por- 
tions of the deposits now forming its superficial boundaries, and 
flow over them in the manner of lava discharged 1‘rom a volcanic 
vent. If any portion of these granites did so pass over prior- 
formed, consolidated, and disrupted rocks, all traces ol' such over- 
flows have been removed by denudation. Molten matter in a 
sufficiently fluid state to enter the smaller ramifications of the 
cracks around the masses of granite, would readily, if elevated 
sufficiently high, overflow the disrupted and contorted deposits 
amid which it was protruded. The covering of’ the granite of 
south-eastern Ireland is comparatively slight ; the whole district 
adjoining the main masses of that rock is so pierced and cut by it, 
as to show upon the surfaces exposed, that the whole of the prior- 
formed accumulations has been upborne, so that upon the denuda- 
tion of the various inequalities, the granite was unequally exposed.* 
The same may be said with reference to south-western England 
between Dartmoor and the Scilly Islands.. 

There is yet another igneous product in a part of this limited 
area to which a relative geological date may be assigned. This 
product is serpentine, which is chiefly found in considerable abun- 
dance in the Lizard district, in Cornwall. It is seen among the 
Devonian rocks in a manner reminding us of the mode of occur- 
rence of some of the contemporaneous compounds of felspar and 
hornblende, which have been associated, in a molten state, with 
the sedimentary deposits of that date. That ^it was vomited forth 
anterior to the granite of the district, would appear from its being 
traversed by veins oi that rock, in the same manner tliat other 
rocks of the district are traversed by them. Even allowing that 
these veins may be of no greater antiquity than the cl vans of* tlie 
same county, this would limit the fissures for their introduction to 
about the age of the lower new red sandstone deposits of that land. 
At Clicker Tor, south of Liskeard, serpentine is found amid 
Devonian slates, and near Veryan, diallage rock (diallagc and 
felspar) is seen associated with similar serpentine, and in a manner 
pointing to an ejection of these rocks in the same way as certain 
greenstones amid accumulations of tlie igneous products ol* tlie 


^ The granite of the island of Anglesea, probably of about the same date, is also 
interesting, as showing how readily it might be concealed from superficial exposure, 
by a somewhat more thick envelope of the Silurian rocks through which it has risen. 
Indeed tome of the portions exposed arc merely minor inequalities cut into by de- 
nudation. 
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district. The position of the Lizard serpentine, and the diallage 
rock found with it, seems much the same with these minor portions 
of serpentine more eastward. The Lizard serpentine occupies a 
somewhat large area, reposing upon hornblende slates and rock, 
which appear little else than the ordinary volcanic ash-beds above 
mentioned as intermingled contemporaneously with the ordinary 
detrital deposits of the time and locality (p. 558).* There is often 
an apparent passage from the diallage rocks into the serpentine, f 
while also there seems an intrusion of serpentine amid the former, 
as between Dranna Point and Porthalla. 

Though there may be some intermixtures of the serpentine 
and the diallage rock rendering their relative antiquity a little 
doubtful in places, as a whole, the latter would appear to have 
been thrown up after the former. At the junction of the diallage 
rock of Crousa Downs and St. Keverne, with the serpentine at 
Coverack Cove, veins of the former cut through the latter. J On 
observing, also, the connexion of these two rocks, in a range ex- 
tending from Careglooz through Gwinter towards Goonhilly Downs, 
the diallage rock seems to have cut through and disturbed the 
serpentine. Near Landewednack, also, tlic diallage rock appears 
to rise through the hornblende slates and cut into the serpentine. 
This diallage rock, as between Coverack Cove and St. Keverne, 


* It is not altogether clear whether this alteration may not he due to the influx jce 
of some granitic mass beneath, with which the granite veins, traversing the serpentine, 
may he connected, such granitic mass closer to the latter than might be inferred from 
the natural sections, inasmuch as beneath the hornblende rocks and slates, there are 
talco-micaceous slates to a certain extent interstratified with the latter, much remind- 
ing the observer of the various alterations effected in the proximity of the granites of 
the district. A glance at the Geological Survey Maps (Sheets 23, 24, 25, 30, 31, 32), 
or at the Index Map in the Report on the G colog s of Cornwall, will show' that there 
may readily be a line of granite concealed beneath tlio sea, and ranging in a somewhat 
general manner with the granite from Dartmoor to the Land’s End, which has caused 
the alteration of the rocks into the mica slate ami gneiss of the Start Point, and Bull 
Head, Devon, and produced the gneiss on which tl'o Lddy stone Lighthouse, in front 
of Plymouth Sound, is erected, and the talco-micaeeous slates of the Lizard Point. 
The connexion of the hornblende slates with the latter nia}' be conveniently seen near 
Poltreath, on the w est of the I-izard Tow’n. 

t As we have elsewhere remarked (Report on the Gei>logy of Cornwall, &c., p. 30), 
“ whatever the cause of this apparent passage may have bet‘n, it is very readily seen 
at Mullion Cove, at Pradanack Cove, at the coast west of the Lizard Town, and at 
several places on the east coast between Landew'ednack and Kennick Cove, more par- 
ticularly under the Balk, near Landewednack, and at the remarkable cavern and 
open cavity named the Frying Pan, near Codgwith. It will generally be found that, 
at this apparent passage of one rock into the other, there is calcareous matter, and a 
tendency to a more red colour in the serpentine near its base than elsewhere. 

I The veins of diallage rock in the serpentine betw'cen the rivulet in Coverack 
Cove and the pier at the village w ill repay examination. Some of them are large 
grained, the crystals of diallage of considerable size, reminding the geologist of the 
larger-grained yabbro of Italy. 
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passes occasionally into a compound, in which hornblende also 
enters ; so that while in some places it appears a mixture of diallage 
and felspar, in others it more resembles one of hornblende and 
felspar. Eegarding a mixed mass of matter in which the propor- 
tions of the chief substances, silica, magnesia, lime, alumina, and 
oxide of iron, may be unequally disseminated, such changes may 
be readily appreciated, the conditions for the adjustment of the 
substances in crystalline fonns being variable.* 

With respect to the serpentinous rocks in Anglesea and Caer- 
narvonshire, the relative and approximative dates are not so certain. 
At Porthdinlleyn, a rock, which has been commonly termed 
serpentine from its appearance, though not altogether agreeing 
with the usual varieties of that rock, has apparently traversed the 
chloritic and micaceous slates of that part of Caernarvonshire ; but 
being only covered by a raised sea-bottom of comparatively recent 
geological date (p. 458), the time when this may have been 
effected remains doubtful, though an impression of its intrusion 
being even referable to the date of some of the older rocks of the 
district might exist In its greenish and red colours, it much 
resembles the ordinary serpentines. The component parts axe 
much gathered together in some situations in irregular nodules. 

Fig. 223, 



between which much red jasper is frequently found, -f- as in tlie 


♦ Looking at the principal ingredients in hornblende and diallage, as given by a 
mean of three analyses of the former by Gbschen, Bonsdorff. and Struve, and by a 
mean also of three analyses of the latter by Kohler, Regnault, and Von Kobell, the 
diderences between these minerals would be as beneath : — 


Silica . . . 

Hornblende. 

. 40*86 

Diallage. 

52*00 

Magnesia . . 

. 13*54 

15*91 

Lime . . • 

. 12*35 

19*59 

Oxide of Iron . 

. 14*54 

7*47 

Alumina . . 

. 15*96 

3*18 


t Judging from the frequency of jasper fragments of precisely the same kind in 
the superficial drift of the district, fragments of even several hundredweights being 
found (Aberdaron), there would appear to have boon much destruction of rocks 
similar to that of Porthdinlleyn, perhaps of a softer kind, the jasper, from its hardness, 
being preserved and included amid the other hard detritus. 
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annexed sketch (fig. 223) taken towards the north-western point 
of the roadstead, where the dark portions represent the jasper, or 
other siliceous matter between the nodules, sometimes of large 
size. Of the serpentine in Anglesea, the aspect of which presents 
much the usual characters of that rock, though some of it may 
have been in a molten state when included among the beds where 
it is now found, other portions much remind the geologist of some 
mingling of calcareous and serpentinous matter, altered from the 
state of the original accumulation of their component parts. This 
may be the case with part of the serpentine at Cerig-moelion, as 
also at Rhoscolyn. There are also some appearances near 
Amlwch, amid the bedded rocks there found, as if certain of the 
contemporaneous beds had taken a serpentine character from the 
conditions for the adjustment of their constituent ingredients, to 
which the whole of the associated beds had been exposed, having 
been favourable to such a modification of parts. As to an accu- 
mulation of serpentinous matter in the manner of the lelspathic 
and hornblendic roc*ks so common in North Wales, contempora- 
neously with the Silurian deposits, there would not appear any par- 
ticular difficulty, since, even without supposing an outburst of 
serpentinous matter in the manner of volcanic ashes and cinders, 
(though why tliis may not also have happened does seem clear), 
the wearing away of serpentine rocks, formed at an earlier date, 
may readily have supplied the detrital materials for deposits, whijh 
when consolidated presented the character above mentioned. At 
all events this appears a mode of occurrence which it would be 
desirable that the observer should bear in mind, and the more so 
that in some other localities for serpentine in the British Islands, 
as, lor example, in the county of Gaiway, there are some inter- 
laminations and other modes of occurrence of serpentinous and cal- 
careous matter, suggesting to the geologist that such mixtures may 
have been arranged in water, the accumulations subsequently acted 
upon so that the present structure of the rocks was produced.* 
This brings us to consider the chemical composition of the ser- 
pentines mentioned, viewed geologically. They are of very varied 
mixtures of a kind of base of silicate of magnesia with silicate of 
alumina, and occasionally of soda and potash, as also of oxide of 

♦ An examination into the chemical composition of some large pilasters of this 
serpentinous rock, in the Museum of Practical Geology, London, showed that it was 
a mixture of silicate of magnesia and carbonate of lime, with minor quantities of 
oxide of iron and alumina. The interlamiuation of the chief portions of the mixture 
is often most marked in parts of tliis rock. 
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iron. Water is likewise a marked ingredient. Amid all this 
variety, among which those serpentines may be included through 
which diallage may be disseminated (a compound common in parts 
of the Lizard district), more pure serpentine (as it is inferred) is to 
be found ; that is, the serpentine which has been often considered 
as a distinct mineral species (how far correctly remains to be de- 
termined), and which is a silicate of magnesia combined with water, 
and a minor portion of oxide of iron,* Looking at the chemical 
composition of the common igneous product olivine, the observer 
finds that it also is essentially a silicate of' magnesia with oxide of 
iron, the presence of* water as an essential ingredient in serpentine 
being the marked difference between it and olivine, t This is an 
interesting circumstance, pointing to the very moderate modifica- 
tions of constituent parts which may produce mineral aspects of* 
such a varied kind. Taken in the mass, the serpentine of the 
Lizard seems often a compound into which alumina enters as a 
marked ingredient, thus more resembling, in that respect, the 
substance named soapstone, occurring in veins in it, and which is a 
compound of silicate of* magnesia and alumina. J As a substance 
also worthy of notice, since so frequently occurring in small veins 
in portions of the rock, asbestus should not be neglected, its com- 
ponent parts being apparently derived f'rom the mass of* serpentine 
amid which it is found. Though the minerals so named appear 
of varied chemical composition, and have been regarded as members 
of the hornblende family, the asbestus of the Lizard seems chiefly 
a silicate of* magnesia, more like the seleeted serpentine inferred to 
be a mineral species, Avithout its >vatcr. 

Quitting this minor area, mentioned merely because the igneous 
products noticed may be there referred approximately to certain 


* The chemical composition of these selected portions of Bcq)entine is inferred to be 
Mg». + 2 il. 

t Taking the composition of the serpentine and of olivine from the 1.3 analyses of 
each by several chemists, such as are given by Professor Nicol, in his Manual of 
Mineralogy, the similarity or difference would be as follows:— 

Serppntine. Olivine. 

Silica .... 4i*‘J‘J 41 *‘12 

Magnesia . . . 40*24 4f>-67 

Oxide of Iron . . 3*38 10*75 

Water .... 12* (is 

The small quantities of alumina, lime, soda, and carbonic acid, in a few of the 
selected serpentines, and of alumina, lime, and the oxides of manganese, tin, nickel, 
and chrome in some of the olivines are not here noticed. 

X According to Klaproth, a soapstone from the Lizard district, contained, silica, 4.5 ; 
alumina, 9*25; magnesia, 24*7; peroxide of inm, 1 ; jHitash, 0*75; and water, 18. 
Svaiiberg found in a 8oa[>8tone from the same locality, silica, 46* 8 ; alumina, 9 ; mag- 
iiebiu, 33*3 ; jieroxide of iron, 0*4 ; lime, 0*7 ; and v^atcr, 11. 
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geological dates, and the localities can be easily visited, and passing 
to more extended and distant regions, the geologist will scarcely 
fall to be struck with the similarity of various igneous products 
in each, these being to a certain extent classified. Those which 
have been termed volcanic and extinct volcanic, with reference 
to the present time, have already been noticed as presenting certain 
marked resemblances in different parts of the earth's surface. The 
same general resemblance will be found in those products in which 
the minerals of the felspar and the hornblende families prevail, 
with or without an excess of silica (occurring as quartz), in various 
regions. Though their real modes of occurrence may not always 
have been properly ascertained in the numerous and different loca- 
lities, whence specimens and notices of them have been obtained, 
find though certain accounts of their .manner of association with 
other rocks may require more attention to the methods of investiga- 
tion which the progress of knowledge now requires, there is, 
nevertheless, frequently sufficient to show the great mineral resem- 
blance of many of these igneous products in widely-distributed 
parts of the earth’s surface. Viewed chemically, there is yet much 
to be accomplished respecting them, particularly with regard to 
any modifications as to tlie prevalence of some simple substances 
more at one time than at another, as also more in certain regions 
than in others. Of the class of igneous products to wliich the name 
greenstone has been given — from that crystalline state wherein the 
constituent minerals, felspar and hornblende, are distinctly seen 
associated in variable proportions, to the rock wherein the matter 
of these minerals has not been exposed to the conditions fitted for 
its separate adjustment in that crystalline form — there are endless 
varieties. With an excess of silica, bt'yond that required for the 
silicates of the component minerals, syenite is produced, quartz 
being then distinctly added to the other two minerals. Again, it 
sometimes happens that while there is a granular arrangement of 
the felspar and hornblende, even occasionally with the addition of 
(j[uartz, crystals of felspar are disseminated through the mass, 
forming a greenstone or syenitic porphyry, as the case may be. 
Some of the compact varieties, termed compact felspar, have 
already been noticed (p. 572). Altogether the shadows and 
shades of modification have been found so numerous, depending on 
variations of chemical composition on the one hand, and on dif- 
lerent conditions for cooling on the other, that there has been a 
disposition to seek some term lor the whole, which shall leave the 
exact composition of the rock open to description, while a kind of 
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generic name is preserved. The name of trappean rochs^ has 
been somewhat adopted of late, particularly by British geologists, 
for this class of igneous products. It is one, no doubt, open to 
objection if regarded as a name to be preserved; but in the 
present state of knowledge, this or some other general term has 
its convenience as massing together certain products of a family 
character. 

This class of igneous rocks appears to be found amid accu- 
mulations of all geological ages, from the older deposits to the 
accumulations which approximate to the date of those amid which 
the basalts and associated products, previously mentioned (p. 402), 
are seen, having been thrown out from some points on the earth’s 
surface, however these may have varied in position. Seeing that 
their mode of occurrence is such, even amid the old Silurian 
deposits, as to remind us of the products of modem volcanos, it 
may be inferred also as probable that from that geological date to 
the present time, rocks of a similar kind have formed portions of 
the products discharged from igneous vents, similar to those now 
scattered over the surface of the earth. 

Looking at the granitic rocks as a class, they also are found to 
present a great family resemblance in different parts of the world, 
though sharp distinctions between them and those previously 
mentioned cannot always be found, the one class passing into the 
other, especially when the hornblendic minerals arc absent, in a 
manner resembling the modifications only of some general amount 
of given substances. When these minerals are present as is some- 
times the case, the chief chemical diflFerences between such mix- 
tures and more ordinary granites, appear to consist in the abundance 
or scarcity of the silicates of lime and magnesia, these substances 
fomiing comparatively a small portion of the granitic rocks, viewed 
on a large scale, while they enter conspicuously into the composition 
of the hornblendic rocks.f Where the two classes are found 
passing into each other, it often becomes desirable to see how far 
the hornblendic rocks may have been previously thrown out and 


* This term has been derived from the Swedish word trapp^ a stair, it having been 
once supposed that an arrangement in stair-like forms, on the large scale, was 
characteristic of these rocks. 

t With reference to the difference or resemblance between granites and green- 
stones, as we have elsewhere remarked (liesearches in Theoretical Geology, p. 397, 
1834), granites, no doubt, vary in their chemical composition, and so do greenstones, 
yet they always so differ from each other as masses of matter, tliat the one can never 
become the other from mere differences in cooling.* ** If we suppose the felspar to bo 
of the ordinary potash kind, and a granite to be formed of two-fifths of such felspar, 
of two-fifths of quartz, and one-fifth of mica (containing fluoric acid), and a greenstone 
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consolidated, and have been remelted by the granitic rocks, so as to 
have thus formed an addition to their original molten mass, the 
whole, upon cooling, having its constituent parts so adjusted as to 
present the appearances observed. 

' As a common character, the granitic rocks seem to be chiefly 
formed of silica and alumina, after which come, as principal ingre- 
dients, potash and soda, the latter sometimes more prevalent pro- 
bably than has been usually inferred. The silica and alumina often 
constitute 80 per cent, of the whole mass, thus leaving only 20 per 
cent, for the other substances. In cases where labradorite is the 
member ol‘ the felspar family present in granitic rocks, either alto- 
gether replacing other felspars, or associated with them, lime would 
form an ingredient of importance,* though silica and alumina would 
still constitute the most marked substances in such rocks. Suffi- 
cient examination has not yet been given to granitic rocks to show 
us the relative prevalence of soda, potash, or lime (in cases of 
labradorite), during the progress of geological time. Taking the 
granite of Wicklow and Wexford, above noticed, it would appear 
that soda occurred in some fair abundance in the granitic rocks, 
protruded in that part of the world, anterior to the accumulation of 
the old red sandstone. 

As to the geological times when granitic rocks have risen 
through prior-formed, and usually disturbed, deposits accumulated 


to be composed of the same kind of felspar and an equal proportion of hornblende, 
the calculated ditferences may be taken somewhat as follows (Geological Manual, 
3rd Edition, p. 448-50) : — 


Granite. 

Greenstone. 

Difference. 

Silica 

74*84 

'4*86 

19*98 

Alumina . . . 

12*80 

15*56 

2*76 

Potash .... 

7*48 

6*83 

0*65 

Magnesia . . . 

0*99 

9*39 

8*40 

Lime .... 

0*37 

7*29 

6*92 

Oxide of Iron . . 

1*93 

4*U3 

2*10 

Oxide of Manganese 

0*12 

0*11 

0*01 

Fluoric Acid . . 

0*21 

0*75 

0*54 


* The presence of lime amid igneous products, though it may there occur as a 
silicate, is interesting as affording the base of a supply for some, at least, of the 
calcareous matter required by animal Ufe, or distributed as ordinary limestones. 
However powerful silica may be, acting as an acid where heat, and especially great 
heat, is employed, at the lower temperatures it is comparatively weak. As for 
example, at great heats the silicates of potash and soda are readily formed, whether 
carbonic acid be present or not, but at low temperatures, solutions of the silicates of 
potash or soda are easily decomposed by the carbonic acid. So also with sUicate of 
lime if that substance were in contact, in tlie presence of w’ater at a moderate tem- 
perature, with carbonic acid, it would be decomposed, forming carbonate of lime, and 
if the carbonic acid were in sufficient abundance, bicarbonate of lime, ready to be 
removed in solution. 
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by the agency of water, they would appear to include all from the 
earliest, even to the production of comparatively recent beds of the 
tertiary series. Of the latter kind, Mr. Pratt has found instances 
in Catalonia.* Thus there is no conclusion to be drawn as to the 
relative antiquity of these rocks from the mere fact of their occur- 
rence in any paiticular locality. This has to be sought in the 
manner in which they may be found associated with other accumu- 
lations, the relative geological dates of which are determinable. 

The serpentines, also, and their not unfrequent associate diallage 
rock, seem to have appeared with somewhat common characters 
through a long range of geological time. They have been above 
mentioned as probably of early date in Wales. In Cornwall, though 
not of equal antiquity, they are apparently still referable to the 
earlier geological times. In Ireland, also, they seem to have been 
formed at a remote geological period. Various lands show that they 
were not confined to those times, but became associated with accu- 
mulations of less antiquity; and in Italy, where there arc many 
good opportunities of studying these rocks, they have been found 
amid deposits up to those of the tertiary times included, it being 
inferred that the rocks in that land which contain the fossils named 
nummulites were, as pointed out by Sir Eoderick Murchison, t ac- 
cumulated at a time when the lower deposits of the tertiary series 
were effected in several other parts of Europe. The occurrence of 
serpentine and diallage rocks jmiid the Alps, and among the various 
accumulations of the Jurassic and cretaceous scries, usually cutting 
through them in Italy, and in the continuation of the same accu- 
mulations, eastward, in different localities into Asia, is a marked 
circumstance. These rocks were probably ejected from beneath, at 
various geological times, over the area of Europe, from the early 
fbssiliferous deposits up to some part of the tertiary scries included. 
So much of various parts of the world remaining to be examined 
geologically, it would be premature to conclude that these rocks 
have not been ejected at more recent geological times in some 
localities. 

It has been seen that into the serpentines, magnesia enters largely, 
the relative amount of that substance being somewhat characteristic, 
as lime and magnesia combined, arc among the hombjendic rocks. 
It would not, however, be right to infer that silicate of magnesia is 
alone to be regarded, since the mixtures in which diallage is dis- 


* Pratt, MSS. 

t Journal of the Geological Society of London, vol. v., p. 157. 
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seminatcd and even prevails, show that other marked substances 
have entered into the composition of the mass when in a molten 
state. In such arrangements of parts of the compound, the ingre- 
dients needful for diallage have merely separated out from it under 
the fitting conditions, the lime, oxide of iron, and alumina having 
probably been in a more disseminated state previously.* Sometimes 
the base of the rock, still termed serpentine, from its general aspect, 
and the diallage crystallized out from the general mass, appear of 
nearly the same composition.f 

Witli respect to the fusibility of the igneous rocks generally, they 
no doubt present considerable differences. At the same time, it is 
needful to bear in mind, that experiments upon them, in the con- 
dition in which we find them, do not exactly give us the measure 
of their fusibility when they were in a molten state. Prior to the 
adjustment of the parts of many into minerals of a definite kind, 
they must often have been far more fusible, as can be shown by again 
placing them under their old condition of a molten mass, producing 
the vitreous adjustment of parts, so that these definite compounds 
be not again formed.^ It hence becomes desirable to view the 
fusibility of these rocks, with reference to a complete mixture of all 
their constituent parts, anterior to the separation of any, or the 
wliole of* them into crystalline compounds. 

* M. Borthier found the diallage from La Spezia, a locality very favourable for the 
study of serpentine and diallage rock, to be composed of — 


Silica 47*2 

Magnesia 24*4 

Lime ........ 13* 1 

Protoxide of iron 7*4 

Alumina 3*7 

Water 3*2 


t According to I)r. Kohler (Thomson’s Mineralogy, &c., vol. i, p. 174), the 
composition of the diallage, and of the rock containing it at llarlzburg, is as 
follows : — 

Diallage. Rock. 


Silica 43*900 42*364 

Magnesia 25* 806 2v‘^*903 

Protoxide of Iron and Chromium 13*02 1 13* 268 

Protoxide of Manganese . . . 0*53o 0*8o3 

Lime 2*642 0*627 

Alumina 1*280 2*176 

Water 12*426 12*074 


t In experimenting upon the fusibility of igneous products, we have often found 
very considerable difference in that fusibility, after some crystallized and compound 
rock had been formed into a glass, from that which it had exhibited when first 
acted upon by the same amount of heat employed. In the same manner, artificial 
glasses w*hich have been melted and cooled slow’ly, so as to form a stony mass, 
or merely exposed to a temperature at which a certain crystallized arrangement of 
their constituent parts is produced, become more difficult of fusion than when in 
their first state. 
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If we are to regard certain of these rocks to have been ejected 
from volcanic vents in the manner of modern volcanos, it seems also 
needful to consider that they have been accompanied by outbursts 
of vapours and gases, sublimations of different kinds having taken 
place at those different times as now. As a substance very common 
among the compounds of felspar and hornblende, even of those con- 
temporaneously thrown out amid the older fossiliferous rocks, sul- 
phur combined with iron is very common, indeed, sulphuret of iron 
is often a marked ingredient among those which arc commonly 
termed greenstones. Not, however, that it is confined to them, 
for the more felspathic products often also contain it.* 

Amid the various mo^fications and changes of structure lo which 
the deposits associated with certain igneous products have been 
often subjected, it is to be expected that the latter having been 
exposed to similar conditions, would, in like manner, have their 
parts also much modified. Indeed, tliose igneous products which 
have been versicular, show, by the various mineral substances 
found in them, that mineral matter has often been in movement in 
proper solvents, and passing through its pores, had adjusted itself 
in the cavities of the versicular rock as definite mineral compounds. 
Numerous soluble substances, once disseminated amid the general 
mass of such rocks, may readily have been transported elsewhere, 
and aid in forming, by new combinations, less soluble substances. 
Thus many are found disseminated amid modern volcanic products, 
which, assuming that they were once disseminated amid those of 
ancient times, would scarcely be now detected in the latter. As 
regards the conditions to which igneous rocks of ancient geological 
date may have been exposed during the lapse of time, it would 
scarcely be expected, when they may have been subjected to the 
influence of long continued heat, from any depression to considerable 
depths, especially beneath a thick covering of other deposits, that 
any obsidians would preserve their vitreous character, such disap- 


^ It sometimes happens that iron pyrites is found in prior-formed deposits of 
ordinary detrital matter, adjacent to protrusions and ilykes of these igneous rocks, in 
such a manner, as if either the sulphur, or sulphur and iron had been derived from 
them. A good example of this mode of occurrence may be seen at Bettws Disserth, 
on the north of Builth, South Wales, where spheroidal pieces of iroii^pyrites occur in 
a Silurian slate adjacent to some hombiendic rocks; these spheroids somewhat 
abundant in places, and the slate having all tlie appearance of having been altered 
by the intrusion of the igneous rock. At the falls of the Wye, near Builth, much 
iron pyrites is also seen at the contact of some igneous rocks intruded among slates, 
in like manner altered, certain fossils in them being likewise coated with the same 
mineral near the contact of the two rocks, though this is not observed at a short 
dutance from it. 
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pearing from the usual causes productive of devitrification, the 
component substances taking a stony form. 

As to the minerals which appear, as it were, additions in difierent 
localities to the general masses of granite, and even to those rocks 
where hornblende and felspar chiefly constitute the component 
minerals, they are often very various, and, as M. Elie de Beaumont 
has remarked with respect to granite, much distributed outside 
their masses.* While they are often merely some other arrange- 
ments in different proportions of the simple substances contained in 
the general mass, t at others, they appear as if in some manner the 
result of an addition derived from the rocks, against which the 
molten mass has been thrown, and thus formed during the long conti- 
nuance of those conditions (among which great heat is prominent) 
that have prevailed after the uprise of such igneous rocks in different 
localities. Among these minerals, garnets of different kinds may 
be remarked, as occurring as well in the igneous as in the prior- 
formed, and subsequently modified rock, against which the former 
has been thrust. When we consider the various substances which 
analyses seem to show are, as it were, entangled amid those consti- 
tuting the chief mass of the igneous matter ejected,{ it would be 
anticipated that when these were relatively abundant, and could 
make their own adjustments more freely, less controlled by the in- 
fluences of* those forming the chief minerals, compounds would be 
effected of a definite kind and be separated from the main mass. 
Thus, occasionally, mixtures would be formed of more than the 
usual substances, even constituting masses of importance in parts of 
the earth’s surface, where, though the usual free silica and silicates 
of ordinary granite and other compounds were still the most pre- 
valent substances, others are present, giving a somewhat modified 
character to the general rock. 

With respect to the occasional component parts of granitic 


* Sur les Emanations Volcaniques et Metalliferes. Bull, de la Soc. G^l. dc France, 
2nd serie, t. iv. (1847). 

t In talc, a mineral sometimes associated with others in {rranites, we seem to have 
magnesia in a certain relative abundance, separating itself from a main mass in wliich 
it may usually have been a subordinate substance, talc being essentially a silicate 
of magnesia. Its formula is considered to be 3 M Si + Mg® Si*. 

X M. Elie de Beaumont, in his table of the distribution ot simple substances in nature 
(Bulletin de la Soc. Geol. de France, 2nd serie, t. iv.), considers the^ following to be 
found in granite, viz. ‘.—Potassium, sodium, lithium, calcium, magnesium, yttrium, 
glucinium, aluminium, zirconium, thorium, cerium, lanthanium, didymium, uranium, 
manganese, iron, cobalt, zinc, tin, lead, bismuth, copper, silver, palladium?, osmium, 
hydrogen, silicon, carbon, boron, titanium, tantalum, nojbium, pelopium, tungsten, 
molybdenum, chromium, arsenic, phosphorus, sulphur, oxygen, chlorine, and fluorine. 
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rocks, chlorite should be mentioned as one of some importance, 
inasmuch as while it shows a modification of the mixture and 
relative proportions of some of the ordinary constituent ingredients 
of granitic minerals, silica, alumina, magnesia, oxide of iron, and 
oxide of manganese, it also points to water as an essential ingre- 
dient. When disseminated, therefore, among granitic rocks, as it 
is in the Alps, Scandinavia, and some parts of the British Islands, 
chlorite becomes a combined mineral of no slight interest, Irom tlic 
addition of water to the other substances present.* 

As respects the various minerals, which arc, as it were, ad- 
ditional to those usually constituting the mass of the cliief divisions 
of the igneous rocks, not only has the dispersion, in variable pro- 
portions, of other substances than the usual ingredients to be re- 
garded, considering these likewise in their greater or less local 
proportions, but also the additions which may be derived from the 
melting of parts of prior-consolidated accumulations, even ol‘ those 
thrown down from solutions in water, and fused by the intrusion 
of the igneous rocks. Though the chief portions of the ordinary 
detrital deposits are but abraded parts ol* previously-consolidated 
igneous rocks which have been worn away, and then dispersed as 
above noticed (pp. 63 — 101), this has been most frequently so 
accomplished that a remclting of the deposits thence formed, 
would not reproduce the original rock, the various parts having 
been separated mechanically into different beds, and decomposition 
having deprived certain of even the separated substances of por- 
tions of their original ingredients. With respect to the latter, for 
example, should the silicates of soda or potash have been removed 
in solution, as has often happened, from a felspar of wliich tliey 
once constituted a part, the matter again fused miglit not contain 
any of those silicates, so far as the felspar is regarded, silicate of 
alumina being then the prevailing substancc.t Igneous matter, 
the usual granite compounds, for instance, melting limestone rocks, 
the lime might be introduced into the molten mass, and the carbonic 
acid being thrown off, the silicates of lime be formed, ready for 
combination in other minerals than those resulting from the mass of 
the granite, as it rose from beneath. So also with dolomite, which 


♦ Taking various analyses, from 10 to 11 per cent, of water enters into the com- 
position of chlorite. The formula for chlorite is considered to be (Mga Si + 3 U Si) 
+ 9^gri. 

t This substance constitutes the base of tlie clays employed in the manufacture of 
porcelain, and which arc formed from decomposed fedspars in districts where that 
mineral has been distributed in sufficient abundance. 
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could thus furnish not only the lime, but also the magnesia for the 
production of* hornblende, should the other ingredients of that 
mineral be near and not drawn elsewhere. In this manner it will 
be obvious very material additions may be made to an original and 
general mass of rocks in a molten state. 

There appearing so much of a general character in the various 
igneous products of different geological times, to call the attention 
of* an observer towards some general cause, which, though much 
modified under certain circumstances, has yet always exerted an 
important geological influence, he has carefully to consider the 
subject, so that, while a proper and close attention may be given to 
local sources of modification, the great cause of these igneous pro- 
ducts, taken as a whole, be not neglected. Whatever may have 
been the conditions under which substances were probably ejected 
in the manner of modern volcanos in past geological ages, from 
time to time molten matter of a very common general character 
seems as if always ready to have been upheaved, in larger masses, 
whenever there were great disruptions of prior-formed accumula- 
tions on the earth’s surface. Thus, while the minor and perhaps 
modified manifestations of* the conditions for throwing out igneous 
substances generally, were constant in different points of the earth’s 
surface for the time being, these substances mingled with the ordi- 
nary accumulations of the day, from time to time a greater amount 
of molten matter was upheaved, lifting such igneous products as 
well as their associated sedimentary deposits, as if the former 
action, however intense, was but superficial as compared with that 
f*rom which the more wide-spread and important movements were 
derived. Be this as it may, the igneous products form objects of 
the greatest interest, whether regarded as the source whence so 
large a proportion of the detrital accumulations are derived, for 
the modifications they have so frequently effected in the deposits 
against or amid which they have risen, or been protruded, for the 
differences and resemblances they exhibit among themselves, or for 
the proof they afford that during the long Lapse of geological 
time of which we can obtain traces, and up to the present day, 
there have been conditions for uplifting mineral matter in a molten 
state, that matter chiefly composed of the oxides of a few simple 
substances — two of them especially (sodium and potassium) — being 
not only remarkable for their comparative lightness, but also for an 
avidity for oxygen so great that they will decompose water in order 
to obtain it. 
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COXSOUDATION AND ADJUSTMENT OF THE COMPONENT PARTS OF ROCKS. — 
ADJUSTMENT OF COMPONENT PARTS OF CALCAREO-ARGILLACEOUS DE- 
POSITS. — ARRANGEMENT OF SIMILAR MATTER IN NODULES. — CENTRAL 
FRACTURES IN SEPTARIA. — NODULESOF PHOSPHATE OF LIME. — SPHEROIDAL 
CONCRETIONS IN SILURIAN ROCKS. — CRYSTALS OF IRON PYRITES IN CLAYS 
AND SHALES. — MODE OF OCCURRENCE OF SULPHATE OF LIME. — MODIFI- 
CATION IN THE STRUCTURE OF ROCKS FROM CHANGES OF TEMPERATURE.— 
CHLORIDE OF SODIUM DISSEMINATED AMONG ROCKS. — IMPORTANCE OF 
SILfCA AND SILICATES IN THE CONSOLIDATION OF DETRITAL ROCKS. — 
ALTERATION OF ROCKS, ON MINOR SCALE, BY HEAT. — FORMATION OF 
CRYSTALS IN ALTERED ROCKS. — CRYSTALLINE MODIFICATION OF ROCKS. — 
ALTERATION OF ROCKS NEAR GRANITIC MASSES. — READJUSTMENT OF 
PARTS OF IGNEOUS ROCKS.— PRODUCTION OF CERTAIN MINERALS IN 
ALTERED ROCKS. — MINERAL MATTER INTRODUCED INTO ALTERED ROCKS. 
— MICA SLATE AND GNEISS. 

When the gravels, sands, silts, clays, or mud of various geological 
times arc presented to the attention of the geologist in the form of 
conglomerates, sandstones, arenaceous and argillaceous slates and 
shales, their component parts, originally drifted, or otherwise • 
borne into the relative situations where they are now found, have 
either been joined together by mineral matter, subsequently intro- 
duced among them, or by a change in the condition of some part 
or parts of the original deposit which should permit such portions, 
in an altered form, to cement the remainder. With carbonate of 
lime, the oxides of iron and manganese and occasionally with 
silica, as substances cementing fragments of rocks, either angular 
or rounded, on hill sides or other subaerial localities, where springs 
containing and depositing those substances occur, we may consider 
the observer as familiar. That various breccias, conglomerates, and 
even sandstones so formed, occasionally constitute parts of a scries 
of geological products, may be considered probable. It is easy also 
to infer that during geological changes, gravels, sands, and mud 
constituting the margins and bottoms of lakes and seas, may be so 
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placed beneath isolated portions of water, to which the access of 
rivers or streams may be insufficient to meet the loss by evapora- 
tion, that certain substances held in solution may be slowly de- 
posited amid such subjacent gravels, sands, or mud, so as to pro- 
duce modification, change, or even consolidation of various kinds 
in them. 

Independently, however, of these effects, the observer will have 
to direct his attention to modification, change, and consolidation of 
a far more general kind, and for which some more general cause 
appears to be required. He will, in the first place, have to dismiss 
the view that the relative age of rocks is alone a sufficient cause 
for the effects noticed ; though, taken as a whole, the relative 
geological age of deposits is so far important, that, other things 
being the same, there may be a greater chance of the older rocks 
being consolidated or modified in their structure, inasmuch as they 
may have been more exposed, during the lapse of time, to the 
causes productive of such consolidation and change. 

It may, in the first place, be desirable to consider the modifi- 
cation of parts which might arise in a bed or mass of mud, or clay 
after its deposit, the component parts of such mud or clay being 
variable. We may take, by way of illustration, those alternations 
of argillaceous limestones and shales, often calcareous, which are 
observable in the lias of some parts of Western Europe, and which 
appear the result of ai. unequal supply of mud and calcareous 
matter, sometimes the one and sometimes the other predominating. 
Exiimples of irregular deposits of tliis kind must not, however, be 
considered as confined to any particular age, since among the older 

Fig. 224. 



as well as newer 
often be found. 


geological accumulations, this kind of deposit may 
The above (fig. 224) may be taken as illus- 

2 ^ 
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trating alternations of tins kind, the surfaces of the beds being 
irregular. 

In itself such a section may merely present us with the evidence 
of alternating conditions, by which carbonate of lime was more 
thrown down at one time than at another, though, with care, forms 
of the surfaces are often traced Avhich would seem to point to an 
abstraction of calcareous matter from the adjacent original clays or 
mud ; a circumstance which becomes more evident where the cal- 
careous matter in the general deposit has dccreasc^d, and many 
irregular patches of the argillaceous limestone, and nodules of it, are 
arranged in lines or are more dispersed through the deposit, as 
shown in the subjoined section (fig. 225). In such cases the cal- 


Fig. 225. 



careous matter of given times of deposit, irregular like those where 
whole sheets of argillaceous limestone were produced, seems gathered 
to different points in or about the same plane, that upon which the 
general deposit was accumulated, the matter arranged round these 
points, thus variously dispersed on the plane, so that two or more 
nodules may be joined together while others remain isolated. This 
gathering together of similar matter distributed through a soft 
muddy or clay mass, would be anticipated, and the more so, when 
we remember the manner in which similar matter may he gathercul 
together from solutions, dragged away, as it were, forcibly to points 
where some of it may have been first deposited, as noticed by Pro- 
fessor Bunsen (p. 375). 

Facts of this kind are as well seen among the carbonates of iron, 
of s<j much value in the coal measures of the British Islands, as 
amid the accumulations above noticed ; and they, in like manner, 
point to a separation of the carbonates from the muddy mass, and, 
for the most part, in planes corresponding witli the relative times 
of their original deposit in the general accumulation, one chiefly 
detrital, and thrown down from mechanical suspension. It occa- 
sionally happens that this gathering together of similar matter from 
amid a miiss through which it was originally dispersed, usually in 
certain planes and thicknesses, can be seen to have taken place so 
that a certain original lamination of parts is not destroyed. Instances 
of this kind are to be found in one or two of the ranges of nodules 
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in the lias of* Lyme Regis, Dorset, where, as beneath (fig. 226), 
these are seen still preserving the lamination of the general deposit; 

Fig. 226. 



an arrangement of parts easily ascertained by breaking the nodules 
in this plane. In these nodules some organic remain, such as a fish, 
nautilus, ammonite, or a piece of wood, not unfrequently seems to 
have formed a point around which the carbonate of lime was aggre- 
gated, though this has by no means been always the case, since 
some arc occasionally found without organic remains, or only con- 
tain them in a dispersed state. 

Such aggregations and separation of parts arc at the same time a 
modification of the original deposit, and a partial consolidation of 
it. As a proof that the mass was soft when the nodules were 
formed, it will be often found that while the same kinds of organic 
remains, and especially thin shells, are flattened, in the same planes, 
in tlic associated and adjoining clays, marls, or shales, they are com- 
paratively well preserved, uncompressed, in the nodules, the con- 
solidation of the latter having protected them from the pressure 
to which those had been subjected in the remainder of the deposit, 
then in a yielding condition. 

With regard to the relative time and mode of consolidation of the 
iKxlules, the observer may be frequently enabled to study it in those 
commonly known as septaria, where, after the aggregation of t’\e 
similar matter, such, for example, as the carbonate of lime in many 
clay or shale deposits, and the carbonate of iron in the coal measures 
and some other rocks, a splitting of the interior has taken place, and 
subsequently to a certain amount of consolidation, since the fractures 
are usually sharp, pointing to a sufticirnt amount of cohesion of 
parts. The subjoined section (tig. 227 ) will show the ordinary 
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manner in which such nodules arc broken in the interior, the cracks 
not extending to their exterior surfaces, as if there had been a 
shrinking of parts from the centre outwards, so that the resulting 
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largest openings were central. In the nodules of this kind, not 
uncommon in many clays, marls, and shales, the cracks are usually 
filled according to the character of the general deposit of which the 
nodules constitute a part; thus carbonate of* lime is frequent in 
those where that substance is much disseminated, and carbonate 
of iron where the latter is not uncommon. Occasionally other 
substances are introduced, such as, in the ironstone nodules of many 
parts of the British Islands, the sulphurets of lead, zinc, and iron, 
copper pyrites^ and certain other minerals. 

Nodules and other formed bodies of phosphate of lime, also 
sometimes occur in a manner pointing to the aggregation of their 
component parts from previous dissemination amid surroimding 
detrital deposits. Many of the nodules and other forms of phos- 
phates of lime in the lower parts of the cretaceous series of south- 
eastern England and in parts of France, seem thus produced. Mr. 
Austen has informed us,* that the nodules he examined had a con- 
centric arrangement of parts, like agates, and he points to the pro- 
bability that the phosphoric acid may have constituted part of the 
l?ecal or coprolitic matter accumulated with other organic bodies, 
i\t the period of the original deposit, and had been disseminated 
among the sand and ooze of the locality and time. Modern re- 
searches have shown that phosphate of lime is far more diffused 
among rocks than was at one time supposed. Wlien free carbonic 
acid is present in water, the phospliate of lime is, like the carbonate, 
soluble, thougli not to the same extent as the latter ; so that con- 
ditions may readily arise not only for its dissemination, but also for 
its aggregation into various forms amid rocks through which its 
particles could move. Not only waters impregnated with free 
carbonic acid, in the usual manner, would afford the common 
means of transport for such particles, but also, in the cases referred 
to by Mr. Austen, for the mixture of coprolitic with vegetable 
matter, the decomposition of the latter, and often, indeed, of the 
ficcal matter itselfj might produce the carbonic acid needful in the 
required solution. 

The association of similar matter in nodules, is also sometimes 
well seen amid deposits of siliceous sands, these aggregated so that 
the nodules protrude as marked objects on weathered banks or cliffs. 
Sometimes the nodules are dispersed among the arenaceous accumu- 
lations, while at others they range in certain general planes, corre- 
sponding with those of deposit, and thus, in their mode of 


* Journal of the Geological Society of London, vol. iv., p. 257, 1848. 
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occurrence, resemble the nodules of the carbonates of lime and iron, 
above mentioned. In certain of the arenaceous deposits the 
cementing substance of the nodules is occasionally calcareous, 
apparently aggregated from that matter once more dispersed amid 
the sands, and deposited amid the grains from solution, as a 
bicarbonate. The oxides and hydrated oxides of iron are also 
observed gathered in nodules, either dispersed or in planes, aggre- 
gating portions of sands. 

Even amid the older detrital accumulations with which geologists 
have become acquainted, this structure is observable. The separa- 
tion of calcareous matter into nodules from among the component 
parts of an original mud deposit, can be as well seen in the old 
series of rocks, known as Silurian, such as in portions of the 
Wenlock shales and limestones of that series, as it occurs in parts 
of Wales and the adjoining English counties, as in far more modem 
geological accumulations. So also with the aggregations of siliceous 
matter in the nodular or spheroidal forms, showing that similar 
conditions for these arrangements and adjustment of parts have 
continued to prevail through a long range of geological time. The 
following section (lig. 228 ) of part of the upper portion of* the 
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Silurian series (Ludlow Eocks) of Brecknockshire, to be seen at a 
considerable development of that portion, in Cwm-ddu, near Llan- 
gammarch, will exhibit the arrangement of parts of this arenaceous 
rock, in certain beds, in a spheroidal form ; layer af‘ter layer, as 
the decomposition of the rock shows, having been arranged round 
somewhat central points of aggregation dispersed in certain lines of 
beds. Aggregations of this kind occasionally measure many feet 
in diameter. Such aggregations are sometimes only to be detected 
on the face of rocks by lines arising from the stains of peroxide of 
iron, which, when followed out, are found to correspond with 
spheroidal surfaces. 

When, geologically, these adjustments of the parts of deposits 
may have been effected, it is not easy to infer, since in the instances 
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of those in the older accunnilations, they may have been produced, 
as many of those in certain more modem accumulations are seen to 
have been, before the solidification of the sandy portions around 
the spheroidal aggregations and nodules, the whole of the bed, or 
beds, having been submitted to further conditions for consolidation, 
after the separation of certain portions of them into such aggrega- 
tions of similar matter. 

There are certain other separations ol* the original portions of a 
deposit, where the particles have possessed such free movement 
and powers of adjustment, that they have been enabled to gather 
themselves into ciystala Of this the crystals of the sulphuret of 
iron amid the mud deposits of all geological ages is an example, as 
also the crystals of sulphate of lime in numerous clays. Cubes and 
other forms of iron-pyrites are as common amid the oldest fine sedi- 
mentary accumulations, occurring in a manner to leave little doubt 
of the aggregation of their component particles from the mud in 
which they were diffused, as among the clays of’ tertiary deposits. 
That iron-pyrites should be gathered round organic remains in 
rocks of* different ages, particularly in those, such as have been mud 
and clays, where the movement of its component particles may be 
inferred to have been, as in the case of the crystals above noticed, 
somewhat easy, would be anticipated, inasmuch as the production 
of iron-pyrites in connexion with decomposing animal matter is 
well known.* Thus we frequently find the sulphuret of iron 
incrusting organic remains, as crystals, and in more irregular 
lumps and patches, particularly amid clay and shale accumu- 
lations. 

Regarding sulphate of lime, irrespectively of its distribution in 
crystals, as selenite, amid clays and shales, it often constitutes 
considerable nodules, and dispersed irregular masses, as if, inde- 
pendently of original deposit, or change I’rom the carbonate by the 
introduction of sulphuric acid amid particles of limestone, it had 
separated out from the body of the rock, and became aggregated 
amid a soft muddy deposit, thrusting aside the latter. Certain 


♦ Mr. Pep 3 ' 8 , in 1811 (Transactions of the Geological Society of London, 1st series, 
vol. i.), was among the first to publish a very illustrative case of the production of 
iron-pyrites from the decomposition of the bodies of some mice in a solution of 
sulphate of iron. Another illustrative instance of the formation of iron-pyrites upon 
animal matter in a decomposing state, occurred at the bottom of a mine-shaft, near 
Mousehole, Cornwall, where a dog had fallen into a solution of iron, and its body was 
found surrounded by iron-pyrites. In these, and other well-known cases, the hydrogen 
evolved from the decomposition of the animal matter, is considered to take the oxygen 
both from the sulphuric acid and oxide of iron, so that iron-pyrites, or bi-sulphuret 
of iron, is formed. 
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nodular portions so occur in particular lines, that we may suppose 
them to have been produced much in the same way by segregation 
as the nodules of' the carbonates of lime and iron, above noticed. 
At the same time beds of gypsum, both on the large and small 
scale, also so occur amid clays, marls, and shales, especially well'«een 
amid portions of the red and grey marls of the upper new red 
sandstone series, or trias, that there is much difficulty in deciding 
as to the probability of their original production from solutions, 
amid the clays or mud, in a manner similar, as regards general 
principles, to that noticed by Professor Bunsen, or partly in that 
manner, and partly by segregation into veins formed subsequently 
to the general accumulation and its partial induration. The section 
beneath (fig. 229), seen at Watchet, Somersetshire, amid the marls 
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of the trias, 'will illustrate a m(jdc of occurrence of not an uncommon 
kind, wherein l^ds of gypsum a, a, a, arc united by strings of the 
same substance traversmg the intermediate marls 5, 5, d, in various 
directions, and having somewhat tlie appearance of cracks filled, 
inasmuch as the fibrous gypsum in them has the fibres usually at 
right angles to the walls of the containing marls, as if crystalliza • 
tion had taken place against those walls. No doubt this appearance 
]nay be deceptive, but at all events, it becomes an interesting object 
of inquiry, to ascertain how far, under such modes of occurrence, 
the evidence may be in favour of an original separation and deposit 
of the sulphate of lime, contcmporancou>ly with the matter of the 
marls, or of a segregation of, at least, part of the same substance 
into veins, from a dispersion of the sulphate of lime amid the body 
of the accumulation. 

When the observer reflects upon the different conditions, to 
which the various deposits in seas and bodit‘s of fresh water may 
have been subjected, posterior to their original accumulation, he 
will not fail to appreciate the modifications which the whole mass 
of many may have sustained. The mere change from being super- 
ficial, on the bottoms of seas and other bodies of water, to being 
buried beneath many, and sometimes varied additional accumu- 
lations, is alone a condition under which new adjustments of parts 
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may arise, and this without a change in the relative distance 
between the surface of the sea, or other waters, and the deposit 
itself*. Should the accumulation above it be thick, changes (p. 444) 
arise in its temperature, with their consequences as regards the 
motion of aqueous solutions distributed through beds of different 
degrees of porosity. 

The geologist should direct his attention to the still greater 
causes of modification and change which would follow the sinking 
of such deposits, as regards the crust of the earth, when they de- 
scended into comparatively elevated temperatures, so that their 
component parts, and the various solutions with which they may 
be moistened, become affected by that temperature. The springs 
which issue from various rocks, and for which the supply is derived 
by the simple percolation of atmospheric waters through porous 
b^s of different kinds, until tlirown out by less pervious beds 
(p. 16), sufiice to show the amount and kinds of substances soluble 
under such conditions, and which remain in the various deposits 
effected beneath the sea or other waters, after many of* these accu- 
mulations have been more or less solidified, and raised into the 
atmosphere, where they now constitute portions of land above the 
level of the sea. In the various borings or sinkings for mine-shafts, 
the driving of extensive tunnels and levels, and in wells of various 
kinds, especially of those termed artesian, he has also the oppor- 
tunity of ascertaining the soluble contents of the waters which may 
be disseminated among the rocks traversed ; and where such waters 
may be considered as in a somewhat stagnant state, except so far as 
movement through any fissures, joints, and the pores of the rocks 
themselves, may be induced by differences of temperature from the 
surface of the earth downwards towards the interior. There does 
not exist so much exact information as to the substances in solution 
among the waters disseminated amid rocks in this manner as is 
desirable ; neither are the soluble contents of the various waters 
rising through faults on the surface of the ground, or flowing up at 
the bottoms of mines, with a temperature sufficiently elevated to 
render it probable that they rose from greater depths, so well known 
as is required for properly estimating the amount and kinds of 
substances, which may be thus circumstanced ; but there still exists 
sufficient knowledge on the subject to show the observer the value 
of investigations in this direction. 

The waters rising from the chalk at the artesian well in Trafal- 
gar-square, London, and which are obtained from their dissemina- 
tion in that rock, show, that in 68*24 grains of solid matter in an 
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imperial gallon, 18 grains are composed of carbonate of soda; while 
the carbonate of‘ lime contained among the solid matter above men- 
tioned, only amounts to 3'255 grains ; and thus the waters resting, 
to a certain extent, stagnant in the chalk beneath London, with its 
thick covering of (London) clay, exhibit a very different character, 
as to the substances in solution, from that of the spring waters 
which flow out of the chalk on the surface, where that rock 
arrives at or adjoins it.* 

Among the various substances found in solution, either dissemi- 
nated among the pores of rocks, or which become, as it were, 
washed out of them in solution, by waters percolating through 
them and issuing as springs, the observer will do well to recollect 
the amount of* chloride of sodium so often obtained. That it should 
be a somewhat abundant substance would be expected in deposits 
of mud, silt, sand, and gravel effected beneath the sea ; as also that, 
when such accumulations were elevated into the atmosphere, and 
rain-waters found their way to the chloride of sodium, it should be 
removed by any springs thence resulting. It will be seen that in 
the waters disseminated amid the chalk beneath London, this 
substance was found to constitute somewhat more than two-sevenths 
of the whole solid contents obtained from it.f Looking at chloride 
of* sodium alone, and its dissemination among beds of quartz or other 
siliceous sands, and the descent of the whole to some very elevated 
temperature by depression of the earth’s surface in any given region. 


♦ Tlic following are the substances contained in an imperial gallon of the waters 
of the Trafalgar-square well, according to Messrs. Abel and Rowney : — 

Grains. 

Carbonate of lime . . . 3 ’255 

Phosphate of lime . . . 0*034 

Carbonate of magnesia . . 2*254 

Sulphate of potash . . . 13 G71 
Sulphate of soda .... S 749 
Chloride of sodium . . . 20*058 
Phosphate of soda. . . . 0*291 

Carbonate of soda . . . l '<*049 

Silica 0*971 

Organic matter .... (>*1H)8 

In the cases of soluble mineral matter disseminated in rocks, such as the chalk 
beneath London, it should be borne in mind, that w*hen there is a movement of the 
contained water among their pores or fissures to supply that raised to the surface by 
pumping, or rising from boring and overflowing, the original condition of somewhat 
stagnant dissemination becomes changed by the amount of the water thus required, 
BO that when many wells reach into the chalk, as beneath London, a movement of 
water amid the body of that rock is occasioned tow’ards tlie various wells, wliich would 
not have taken place under onlinary natural circumstances. 

t As sea, or rather estuary waters, are inferred partly to percolate into the chalk 
beneath London, some caution is needed as to the source of all the chloride of sodium 
in the chalk so situated. 
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some effect might be anticipated from the production of a silicate 
of soda, aiding a consolidation of the sands, in the same manner as 
a salt glaze is produced by the potters. 

While studying the variable amount of consolidation of rocks, 
the geologist cannot fail to have his attention arrested by the dif- 
ferent states, in this respect, in which he sometimes finds the beds 
amid a series of deposits, grouped together, and wliich have 
evidently been subjected to the same general conditions. It would 
strike him, probably, that the original condition of tlic deposits 
could not fail to produce marked differences in this respect, lie 
would anticipate that a bed of pure quartz sand, iinminglcd with 
other and muddy matter, might, if cemented by somewhat pure 
silica, form a substance of a harder and more solid kind than when 
ordinary sand was deposited, mingled with a certain portion of 
mud, or when the grains were composed of different substances, so 
that they could be variably acted upon by the matter forming the 
cement. In the one case, there may be a rock, commonly known, 
from its composition, as quartz-rock^ wherein it is sometimes even 
difficult to trace the original grains of sand, their surluces having 
been more or less acted upon by the mode in which the infiltration 
of the cementing silica has been effected ;* while in the other, a 
sandstone of the ordinary amount of consolidatiem hius Ix^cn alone 
produced. The occurrence of certain quartz rocks among tlie 
accumulations of all geological ages, and amid other and contem- 
poraneous beds, can be often well studied ; and sometimes the 
pa.ssage of an ordinary sandstone bed into a quartz rock can be easily 
traced. Of this, a quartz rock, amid the new red sandstone series 
near Bridgend, Glamorganshire, may serve f(jr an example, as the 
same bed can be readily followed from its ordinary sandstone c>ha- 
racter on the north of the town, to tliat of quartz rock on tlic road 
to Pyle Inn. Changes of a similar kind arc sufficiently common in 
the course of numerous rocks, as well in single and marked beds, 
as in numbers of them collectively ; and the observer will, no doubt, 
have to seek for the causes of’ these differences as well in the 
unequal or variable supplies of the cementing matter, according to 

♦ The arrangement of parts in certain of these quartz rocks is soinctiines such that 
it requires very careful examination, and even occasionally a thin slicing of a jwrt, so 
that it can be studied through transmitted light, in order to distinguish the original 
grains of quartz sand, the cementing and external parts of these grains having become 
BO much blended. P'or the most part, however, the detrital origin of the quartz grains 
is sufficiently evident. In examining these rocks, os they arc often traversed by veins 
of quartz, it is needful carefully to distinguish between the latter, which are inerc-ly 
the ordinary infiltrations of silica into cracks and fissures, from the bcMl> of the rock 
itself, a circumstance that has not always received attention. 
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subordinate local influences, as among the different original com- 
positions of continuous deposits; the latter often, nevertheless, 
appearing a sufficient cause, in the same way that, in a series of 
beds, wherein varieties of this kind are very striking, much original 
differences are apparent. Certain hard quartzose beds beneath 
others of coal, between Swansea and the Mumbles, maybe taken in 
illustration of a probable change effected by the introduction of 
silica, or some silicates, after their original deposit. In these beds, 
the roots of a plant {Stigmarid)^ existing when the coal measures, 
of which they constitute a portion, were accumulated, once as 
freely grew, spreading out their finest parts in the evidently 
yielding ground of the time (p. 501), as in any other of the 
siniilarly-circumstanced beds of the same district supporting seams 
of coal, and known as under-clays (p. 510), though now they are 
bound up in a hard siliceous rock, upon which atmospheric 
influences have as little action as on ordinary quartz rocks, the 
original silty and loosely-aggregated substance of the beds being 
converted into a hard quartzose substance. 

Looking at the mass of detrital matter, more or less consolidated 
by silica or the silicates, the study of the manner in which this 
may have been effected by them, becomes a matter of no slight 
interest to the geological observer. He finds silica in a pure or 
nearly pure state in cavities of various rocks, especially of those of 
igneous origin, wherein hollows and vesicles havQ been left, it being 
seen more or less filling such cavities with agates, onyxes, chalce- 
dony, and rock crystals, and he can have little doubt that this 
silica was introduced into the hollows and vesicles by infiltration 
and in solution. Indeed, the stalactitic forms of the silica often 
sufficiently show this, certain agates, as is well seen upon their 
decomposition, being merely forms of tills kind eventually filling 
hollows. At other times, the layers of tlic siliceous deposits occur 
in planes, apparently horizontal at the time they were efiected. 
These modes of occurrence show him that silica lias been, and can 
be, disseminated amid the pores of rock, often hard and (so called) 
compact, its particles finding their way lur deposit in a pure or 
nearly pure state into the vesicles and cavitliv> oi’such rocks. 

Ill investigations of this kind it will be desirable that the observer 
should bear in mind that certain silicates are not difficult of decom- 
position, as, for exaini)le, those of potash and soda, when free car- 
bonic acid maybe present. Upon looking at this subject generally, 
such conditions may be inferred not to be so rare as might at first 
be supposed. In certain regions, the decomposition of the felspar 
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alone in granitic and some other igneous rocks, gives rise to solu- 
tions of the silicates of potash and soda, and the introduction of 
waters having free carbonic acid, derived from the atmosphere, in 
them, would separate the potash or the soda, as the case might be, 
from the silica, the latter being deposited under favourable condi- 
tions for dissemination amid the pores of rocks.* When we regard 
the manner in which carbonic acid may arise from the decompo- 
sition of organic bodies, be mingled with water, and act upon certain 
silicates, it is also to be inferred that favourable conditions may arise 
under which silica could be thus thrown down, even when vegetable 
matter afforded the carbonic acid, amid the pores and cavities of 
a certain part of the plants themselves, preserving their finest 
structures.’!' 

Though silicic acid may thus, imder favourable conditions, to 
which it is here sufficient to direct careful attention, be easily sepa- 
rated from certain silicates under the common temperatures which 
are known on the surface of the earth, or found at moderate depths, 
circumstances with regard to this substance become changed when 
the heat to which it is exposed in connexion with others is con- 
siderable. For instance, instead of decomposing the silicates of 
potash or soda, in the manner above mentioned, tlie carbonic acid 
would be driven off, and the silicic acid would remain combined 
with the alkalies. Again, it is now known that while pure silica, so 
very important geologically, may be very difficult to dissolve in 
water at the temperature commonly termed ordinary, when the 
heat of water is much increased beneath the requisite pressure, it 
may be considered simply, like many other substances, as more 
soluble in highly-heated waters than in those of more moderate 
temperatures. Hence, when the observer regards the facility with 
which pressure, and elevated temperature may be obtained, by 
descent beneath the surface of the earth, he will see that no slight 
modification and change may be effected by the mere lowering of 
beds, moistened with water to situations where such water could 
act upon the silicates of the rocks among which it may be dissemi- 
nated, and even upon silicic acid itself, existing as grains of pure 
quartz, this solution ready to be effected by, and to produce vari- 
ous modifications and clianges among the substances forming the 


♦ Mr. Henry informs me that when experimenting upon silica he found that a 
silicate of soda was decomposed even by the carbonic acid of the atmosphere and the 
silica deposited, its state and appearance being much affected by tlie degree of con- 
centration of the solution. 

t The fine structure of fossil siliceous wood is often beautifully preserved. 
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original deposit, or other matter subsequently introduced amid its 
parts. ♦ 

The action of considerable heat upon rocks, producing change 
and modification of their component parts, can often be so studied 
among a minor mixture or juxtaposition of igneous rocks, and those 
evidently produced by chemical or mechanical deposit in water, as 
much to assist inquiries into the manner in which more general 
changes and modifications may be aided, and even sometimes 
effected on a great scale. In volcanic regions, substances, such 
as clays, become hard, in fact baked, as any tile or brick may be, 
by the overflow of a lava current among them, the result being 
the same as might be expected from our knowledge of the action 
of heat upon different varieties of clays in our potteries and porce- 
lain manufactures, some clays burning or baking well, others ill. 
In such cases the usual result is the production of certain changes 
by the action of the heat communicated from the liquid lava. A 
still further modification of parts is effected when, without loss of 
the original form of the deposit acted upon, some of the con- 
stituent particles have separated from the main mass in which they 
were disseminated, and, joining together, have produced ciystals, 
there having existed a power of movement in these particles, 
similar, so far as regards conditions for separation from the main 
mass, and the movement obtained, to that above mentioned as hav- 
ing taken place in yielding deposits, such as clays. 

This modification in the arrangement of the component parts of 
rocks is common to the igneous action of all geological times. 
It can be as well seen amid the accumulations of igneous matter 
deposited with the old Silurian series of the British Islands, as in 
various regions among the volcanic products of the present time, 
and is one requiring some attention, since it might otherwise much 
interfere with the conclusions of an observer as to the conditions 
under which the component parts of a rock may have been origi- 
nally gathered together. A porphyrltic character, from the disse- 
mination of certain crystals, as, for example, those of some of the 


* It is to be hoped that investigations in this direction may more occupy the attention 
of chemists than has hitherto occurred. The subject is full of interest, and appears one 
likely to reward the labours of those who, taking a certain class of geological facts 
for their guide, unite with them the conditions of high temperature beneath gr^ 
pressure, as also exclusion from the atmosphere, such as may be inferred to exist 
beneath given depths in the earth, upon the hypothesis that heat increases down- 
wards towards the central portions of the earth, for at least the distance at which 
water, should it continue to exist as such, can be heated up to a very elevated tem- 
perature. 
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felspars, may be too hastily assumed as indicating the rock, thus 
characterised, to have been in a complete molten state.* 

In those instances where the rocks have evidently been fissured 
prior to the introduction of the igneous matter, which thus forms 
a simple dyke, as it is usually termed, or some tortuous form of 
vein, the observer would necessarily infer consolidation sufficient 
for the production of the fracture, so that any change or modi- 
fication found in the rock fractured would have taken place after 
such consolidation. Cases of this kind of alteration are far from 
uncommon. In studying them if becomes needful to recollect 
that not only the mere action of heat may be brought to bear under 
such circumstances, as it might be with regard to the clay of a 
brick or porcelain vase, but also that moisture and solutions would 
probably be disseminated in the usual manner amid the pores and 
cracks of the rock so acted upon, and this often beneath much 
pressure ; exposure of the changes thus produced being often due 
to some of, or all, the causes of denudation, removing former, and 
considerable, pre-existing and covering portions of rocks. 

Changes and modifications in such cases must necessarily depend 
much upon the substances acted upon, and the manner in which 
their component parts may have been arranged. The most simple 
forms of modification are those where some substance, such as com- 
mon limestone, may have its parts so modified that a crystalline 
adjustment of them is effected; the portions of rock in contact 
with the igneous matter being thus altered, the greatest modifi- 
cation effected nearest the igneous rock and becoming less as the 
distance from it is increased. Of this kind of modification the 
often-quoted instance of the chalk in the Isle of Raghlin may be 
taken as an example. In this case, as shown beneath (fig. 230), 

Fig. 230. 

h 

c a c a c a c 

dykes, a a a, of basaltic rock traverse the chalk of that part of 
Ireland (so much broken up by eruptions of igneous matter at a 
period subsequent to the chalk), converting that rock, between 
and adjoining them, into a more crystalline substance, c c, this 
character gradually disappearing on each side, b b. The alteration 
at the a>ntact of dykes of igneous rocks is not confined to the more 



* Modifications of this kind, by which crystals of felspar have been developed in 
rocks which still preserve their original planes of deposit, are not uncommon. 
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crystalline arrangement of the traversed and adjacent beds, certain 
minerals being very often formed by the movement of their com- 
ponent particles, under conditions when they could adjust them- 
selves into crystals, the surrounding matter giving way to their 
forms. These minerals vary much according to the chemical com- 
position and physical structure of the deposits acted upon, and 
also according to the volume as well as kind of the igneous rocks 
introduced. 

A far larger amount of modification and change is necessarily 
effected when the mass of Igneous rock, Introduced amid prior 
accumulations, is considerable, and when it may be inferred, as it 
often can be, that this intrusion has been effected at depths beneath 
the surface where there was no contact with the atmosphere ; but 
where, on the contrary, any water distributed amid the pores or 
crevices of the previously-formed rock, consolidated or otherwise, 
as may have happened, could not escape, with any solutions it 
contained, having been confined to a certain range, beyond which, 
a continuation of the same, or other rocks, with their dissemi- 
nated moisture, remained much in its condition prior to the in- 
trusion. As has been previously remarked, certain of the gran- 
itic intrusions appear to have effected much change in adjacent 
accumulations. In various parts of the world, such modifications 
of previously-formed ro“ks of all kinds in contact with the in- 
trusions and upheavals of granitic matter, are most marked, the 
altered rocks being traceable to their more usual forms of ordinary 
lime.stones, argillaceous and arenaceous slates, sandstones, or the like ; 
some even of these rocks being fosslliferous, and so occurring, 
that their relative geologic^ age can be readily assigned them. 

Changes and modifications of this kind can be well seen to have 
been produced upon the Cambrian and Silurian rocks, prior to the 
accumulation of the old red sandstone, in parts of Ireland (in the 
counties of Wicklow, Wexford, &c.) ; and in south-western England, 
upon deposits of a later date (effected anterior to the new red 
sandstone) ; the rocks acted upon being of varied composition, 
including different igneous accumulations, as well thrown out in a 
molten state, as deposited as ashes and lapilli iKmeath water (p. 554). 
In such situations, the observer will find, as he might anticipate, 
the consolidation by silica and the silicates often very considerable, 
beds of ordinary sandstone sometimes exhibiting their component 
grains as if passing into the matter cementing them. Judging 
from the solvent effects of water and steam, at high temperatures, 
upon the usual silicates employed in glass, when moisture is dis* 

2 R 
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scminated in rocks, and raised to a very high temperature, under 
the conditions above noticed, the silicates, so common among 
various argillaceous and arenaceous slates and sandstones, would 
be acted upon, so that considerable consolidation by them became 
frequent among these accumulations. 

Such conditions could be scarcely otherwise than favourable to 
the aggregation of certain substances into a crystalline state upon a 
more extended scale than in the case of the smaller bodies of‘ molten 
rock intruded among, or rising through, fractures in prior and 
consolidated accumulations. Certain igneous rocks seem sometimes 
to have had the volume of their component minerals increased, as, 
for example, the crystals of hornblende and felspar to have become 
enlarged near the contact with the granite. Sometimes either 
with, or without increase of volume, the particles of hornblende 
and felspar of an ordinary greenstone become so adjusted as to 
present far greater brilliancy of aspect, so that the rock takes the 
appearance of that commonly known as hornblende roclc. Good 
instances of this kind are to be seen in the county of Wicklow. 
In like manner, the old Silurian volcanic ash-beds of the same 
district will be seen, under similar conditions, with the brilliant 
aspect of hornblende slates. The hornblende rock and slate of the 
Lizard district, Cornwall, seem, in like manner, little else than 
ordinary greenstone, and the volcanic ash of the Devonian series, 
modified either by the action of a great mass of serpentine which 
has flowed over, and remained upon them, or by that of granitic 
matter beneath. Seeing the slight chemical differences usually 
noticed between hornblende, augite, and hypersthene, it would be 
expected that changes would be effected in the aspect of the rocks 
containing them, under the circumstances mentioned. The hy- 
persthene rock of some localities, as for example, that of Cocks Tor, 
near Tavistock, Devon, appears to come under this head. Wliile 
on this subject, it may be remarked that other modifications are 
sometimes observable, as if the substances composing the rocks 
being originally more varied, or certain others having entered 
among them from without, after exposure Uj change from the 
consequences of juxtaposition to great masses of molten matter, 
minerals appeared not found beyond the limits which may be 
assigned to these alterations. 

In some regions, as, lor example, in the counties of Wicklow 
and Wexford, in Ireland, the manner in which andalusite has 
been developed, forcing off* other portions of the rock, such as 
mica ; the old stratification of the deposit being still retained, is 
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highly instructive. Near the intruded granite, the crystals of this 
mineral are occasionally found of large size ; and while they have, 
as it were, shouldered off’ the other substances in the way of their 
formation, they sometimes exhibit portions of entangl^ matter, 
such as mica, as might be expected in such a mode of production. 
This mineral, not uncommon under similar conditions, is precisely 
one of those which would be expected to be thus formed, being 
essentially a silicate of alumina (the base of the clays), a compound 
forming a prominent part of the original deposits in which these 
andalusites become developed. Chiastolite is also a form in which 
the silicate of alumina appears amid altered rocks, and is one not 
uncommon among the old sedimentary deposits modified in contact 
with granite in Devon and Cornwall. Staurolite, another common 
mineral developed amid mechanically-formed deposits, when acted 
upon by masses of granitic and of other igneous rocks in a molten 
state, is again one which might be expected, being essentially 
composed of* silica, alumina, and peroxide of iron, with the addition 
of* a small portion of magnesia. Cyanite is also another form in 
which silicate of alumina occurs developed amid altered rocks. 
Garnets are often very common in those wliich have suffered 
modification in the adjustment of their component parts. When 
the observer refers to the chemical composition of these minerals, 
as shown by various analyses, he will see, by duly considering the 
isomorphism of certain substances that their component parts may 
be readily gathered together, under conditions for their movement, 
from amid rocks apparently of different kinds. While peroxide of 
iron constitutes a prominent portion of some garnets, it is replaced by 
alumina in others ; and while lime forms an important substance in 
most garnets, it may be considered as replaced by protoxide of 
iron in others.* Amid the various altered rocks in which garnets 
have been developed, the pushing aside, as it were, of other parts 


* The following, among the numerous analyses of garnets, may show their varitKi 
composition, chiefly flue to isomorphism : — 
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39*85 
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22*47 

2-06 
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1. Greenland (Karsten) ; 2 Altenau, Ilartz (Trolle-Wachtmeistcr) ; 3. Arendal (Trolle- 
Wachtmeister) ; 4. Beaujeux (Ebelmen). 
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of associated mineral matter, when their crystallization was effected, 
may be well studied. Among their modes of occurrence, those 
where they have been developed amid sandstones, as, for example, 
near Killan, in the county of Wexford, are highly interesting, the 
grains of sand being forced asunder to permit tlie development of 
the crystals of garnets. 

The transmission of mineral matter from the igneous and heating 
body into the prior-formed rocks, whether these were or were not 
consolidated, seems well shown when boracic acid is present among 
the former. This appears to have been tlic case around much of 
the granite in Devon and Cornwall, where schorl, as above men- 
tioned (p. 578), is not only found disseminated around the general 
mass of granite in numerous localities, but also constitutes the 
outer portion of that rock in many situations. The matter of the 
schorl (chiefly silicic acid, boracic acid, and alumina)* has passed 
into the pre-existing and mechanically-formed rocks in many 
places, among which Fatwork Hill and Castle an Dinas, near 
St. Columb, Cornwall, may be noticed as localities where this 
circumstance can be well seen. The boracic acid might, indeed, 
have solely escaped out of the granitic mass, and meeting with 
the other essential parts of schorl, have produced the latter mineral 
amid the grains of the mechanically-formed rocks thus acted upon. 
With respect to mica, also, its component parts often appear as 
if introduced from the igneous rocks into many of the sedimentary 
deposits against, or amid which they have been intruded, at the 
same time that certain mechanically-formed rocks, such as arena- 
ceous deposits containing detiital mica, seem merely to have had 

* The analyses of schorl, by M. Hermann, gave for the composition of black schorl 
from Gomoschit, near Katherenenburg (1), of brown, from Mursinsk (2), and 
of green, from Totschiln^a, Ural (3), and of black, from Monte Rosa, by Le Play 
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the micaceous matter so acted upon, as to form better developed 
films of that mineral, its component parts having adjusted them- 
selves in a manner more resembling an original formation of mica. 
In like manner, also, ordinary felspar seems to have been thus pro- 
duced, so that an original deposit in which grains of quartz, felspar, 
and mica have been accumulated, (the detritus of some pre-existing 
granitic rock,) would become the laminated compound of that 
character known while one formed only of grains of quartz 

and mica would become mica slate.* Paying due regard to the ori- 
ginal composition of the rocks acted upon, with proper reference to 
the conditions under which mineral matter may be passed out, and 
move among the parts of the igneous rocks, gradually cooling down 
during a long lapse of time, and also amid the pores and fissures 
of the prior-formed rocks, the observer would anticipate very 
numerous combinations, producing great modifications and changes 
in the original composition of deposits. He will find the study one 
of great interest, well repaying the time he may devote to it. 


♦ When considering the various kinds of modification of parts which deposits may 
sustain from the contact of great masses of igneous rocks in a fused state, or from 
descent towards the interior of the earth, so that somewhat similar conditions may be 
produced, it is not a little interesting for the geologist to direct his attention to those 
which certain of them would, in consequence, present. If, for example, the thick 
beds of the millstone grit^ forming the lower part of the coal-measure series^as this 
grit occurs in the midland and northern counties of England, composed of quartz, 
mica, and felspar, the latter usually decomposed), were exposed to the conditions for 
alteration above noticed, the compound would have a granitic appearance, the morv> 
especially if the silicates of potash or soda, or both, were introduced, and again united 
with the remains of the previous felspar. This rock, even as it is, has often the ap- 
pearance of a somew hat decomposed granite, as is the case with many sandstones of 
the coal measures of the British Islands generally. 
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CLEAVAGE OF ROCKS. — CLEAVAGE IN SANDSTONES AND SHALES. — CLEAVAGE 
IN SHALES AND LIMESTONES. — MINOR INTERRUITIONS TO CLEAVAGE 

ACTION. CLEAVAGE ON THE LARGE SCALE. — RANGE OF CLEAVAGE 

THROUGH CONTORTED ROCKS. — DOUBLE CLEAVAGE. — RELATIVE DATES 
OF CLEAVAGE. — ELONGATION AND DISTORTION OF ORGANIC REMAINS BY 
CLEAVAGE ACTION. — DIFFERENT DIRECTIONS OF CLEAVAGE IN THE SAME 
OR JUXTAPOSED DISTRICTS. — JOINTS IN ROCKS. — DIRECTIONS AND RANGE 
OF JOINTS. — JOINTS IN GRANITE. — JOINTS IN SEDIMENTARY ROCKS. — 
JOINTS AMONG CONGLOMERATES — JOINTS IN LIMESTONE. — MOVEMENTS OF 
ROCKS AFTER JOINTING. — COMPLICATION OF BEDDING, JOINTING, AND 
CLEAVAGE. 

Whether modifications and changes in rocks have been produced 
by the depression of deposits to depths beneath the earth’s surface, 
where high temperature may cause the effects noticed, be brouglit 
about by similar action from the juxtaposition of great mineral 
masses elevated or intruded in a state of igneous fusion, or consoli- 
dation be produced chemically in any other way, an observer may 
not be unprepared to consider that the matter thus acted upon might 
sometimes exhibit an arrangement of parts corresponding wltli 
some adjustment on the great scale. Whether those arrangements 
of the parts of rocks to which the terms cleavage and joints liavc 
been applied, may have taken place during their first consolidation, 
may be due to some action on the large scale after their consolidation 
as a whole or in part, or sometimes have been produced under both 
cymditions by an influence acting independently of consolidation, 
the subject is one which would appear to require mort; extended 
observation, and a better-digested body of facts than has as yet been 
obtained. 

When a geologist has before him, as in the slate ({uarrics ol* 
North Wales, a mass of mineral matter which he has reason to 
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conclude has once been a bed of clay or mud, now not only conso- 
lidated, but also rendered highly fissile in planes which do not 
correspond with that of* the original deposit ; such planes consti- 
tuting a part of certain others traversing the rocks of a district 
generally, that he should be led to infer, with Professor Sedgwick 
and some other geologists, that the finely-divided, yet mechanically- 
deposited matter had been gathered together by some force, 
reminding us of that which unites the particles of crystals of certain 
given combinations of substances, might appear probable. 

Upon studying the districts where the cleavage of* rocks occurs, 
the observer usually finds a considerable degree of uniformity of 
direction in the course of the cleavage planes, where they cut the 
horizon, through a variety of rocks, and over considerable areas. 
In certain of the masses or beds in which this has taken place, the 
effect appears to have been more easily produced than in others, 
and it may be sometimes seen that while, in associated coarse and 
fine-grained beds, the latter are beautifully cleaved, the former ap- 
pear unaffected, as if* the fine particles of the one could be easily 
acted upon, while the coarser grains better resisted a new adjust- 
ment. This conclusion requires, however, much caution, since 
though the coarser beds may not, at first sight, appear affected by 
the arrangement of parts producing cleavage, they may be found 
when broken to exhibit divisional planes, though these may not 
be so numerous, in the direction of those in the finer-grained beds 
associated with them. Thus, in the following section (fig. 232), 


Fig. 232. 



representing sandstone beds a, a, associated with lugillaccous 
beds, hy b, b, while the cleavage may be well developed and easily 
seen in the latter, in the former it may also be found by fracture of 
the beds, or by their decomposition from atmospheric influences. 
This, however, by no means constantly occurs, the conditions under 
which the fine-grained beds were cleaved, not having apparently 
been l*avourable to the adjustment of the parts of the other beds, so 
that they became thus divisible. 
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In certain of the carboniferous limestone districts in Ireland, 
where shales are associated with the limestone beds, the cleavage of 
the former is apparent, while the latter are either unalFected by it, 
or so obscurely as not to have their component parts adjusted to the 
same amount by this action. The following section (fig. 233), at 


Fig. 233. 



Clonea Castle, county Waterford, will serve to Illustrate this cir- 
cumstance, a, < 2 , a, being beds of limestone which do not exhibit 
cleavage, while the shales, i, J, usually more or less calcareous, and 
associated with them, arc cleaved. The same locality also shows 
that where the limestone beds become somewhat argillaceous, 
partaking partly of the character of the sliales, and partly of the 
more pure limestones, they exhibit marks of clea\’age action, as if* 
the particles, being then less coherent, liad more readily given way 
before that influence. 

The following sketch (fig. 234) may be found useful in illus- 

Fig. 234. 



tralion of the modified passage of cleavage through dissimilar sub- 
stances, or of those, the coherence of the parts of which, at the 
time of the cleavage action, may have been diffeient. It repre- 
sents a portion of the Devonian series, on the Cast ol* Hillsborough, 
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near Ilfracombe, North Devon, 5, h, ft, being thin seams of lime- 
stone, about two or three inches thick, a, a, a, argillaceous slates ; 
the argillaceous slates being made so by cleavage. The true planes 
of deposit are shown by those of the interstratified seams of lime- 
stone. The planes of cleavage lamination traverse the whole with 
a general southern dip, slightly interrupted at the seams of lime- 
stone, where their course is modified ; and though the limestone is 
divided in the same general direction, it is so in a somewhat con- 
torted manner, as shown by the carbonate of* lime which has been sub- 
sequently infiltrated and deposited in the fissures so formed. The 
somewhat contorted modification of the cleavage in the limestone 
is shown at c. In such cases as tlicse the geologist may consider the 
limestone to have been consolidated so as to have been capable of a 
certain amount of fracture, while the mud or clay, now consoli- 
dated as well as cleaved, so as to form hard slates in the direction 
of the cleavage, liad the whole of its component parts more or less 
rearranged in certain directions by the cleavage action. 

At times an interruption may be traced even between argillaceous 
beds themselves, when these are piled upon each other in a manner 
marking a pause in the deposit, so that a clear surface has been 
formed between the production of one bed and the accumulation 
of another. The following section (fig. 235,) seen near Wivells- 
combe, West Somerset, shows that while the planes of cleavage 

a Fig. 235. 

b 


h 

a n 

Like a general direction, a a, they arc slightly bent, and undulate 
where the partings of the beds, ft ft, occur. Wliether, at the time 
of the cleavage the mere break in the continuity of’ the argillaceous 
matter was sufficient to produce this effect, or whether any kinds 
of substances may have been in solution in water, occupying the 
interstices between the beds, causing the effects observed, becomes 
matter for investigation. 

These interruptions and modifications of cleavage, though im- 
portant for the study of its cause and mode of action, and which 
are far from being always observable, become lost when cleavage is 
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traced througli considerable masses of rocks, and viewed on the 
large scale. We find it, as Professor Sedgwick long since (1835) 
pointed out, in a large portion of North Wales,* traversing all 
kinds of rocks in given directions, over wide areas, notwithstand- 
ing the varied position of their beds. Indeed, it may sometimes 
be readily traced through them when contorted in all directions, 
as well horizontally as vertically. As the cleavage thus cuts through 
even contorted rocks, it must clearly often happen that it passes 
through their planes of direction at various angles. This will be 
found to occur more frequently than might, without very careful 
examination, at first sight appear ; however it may arise that, in 
certain districts, the general direction of the tiue bedding, or 
planes of deposit, may be found to coincide with that of the 
cleavage, as regards horizontal range, whatever variation the dip 
of the cleavage may exhibit as regards itself, or the true bedding 
of the rocks. With respect to a mass of rocks of varied kinds, 
detrital and igneous, with some admixture of limestone, traversed 
by cleavage ranging diagonally to the general bedding, the chain 
of hills known as the Chair of Kildare, Ireland, may be taken as 
a good example, easily visited. The range of the cleavage coin- 
cides generally with that of the neighbouring districts in the 
counties of Wicklow and Wexford ; while the beds have a direc- 
tion diagonally across the cleavage. Among these hills highly- 
crystalline porphyries will be found cut by cleavage, as well as the 
argillaceous and arenaceous beds of the Silurian series of which 
they are principally composed. As illustrative of variation in the 
dip of the cleavage, and of the true beds seen vertically, and 
especially when the latter are contorted, the following section 
(fig. 236) of part of the Devonian series, on the coast between Morte 
and Bull Point, near Ilfracombe, Devon, may be useful, inasmuch 
as the true beds, chiefly of argillaceous matter, have been so cleaved 
in a constant direction, that while the cleavage planes, a, a, some- 


* “ The whole region,” the Professor observes, with reference to the country near 
Rhaiadr to the gorges of the Eolan and Towy, is made up of contorted strata ; and 
of the true bedding there is not the shadow of a doubt. Many parts are of a coarse 
mechanical structure, but subordinate to them are fine crystalline chloritic slates. 
But the coarser beds and the finer, the twisted and the straight, have all been sub- 
jected to one change. Crystalline forces have rearranged whole mountain masses of 
them, producing a beautiful crystalline cleavage, passing alike through all the strata. 
And again, through all this region, whatever be the contortions of the rocks, the 
planes of the cleavage pass on generally without deviation, running in parallel lines 
from one end to the other, and inclining at a great angle, to a point only a few degrees 
west of magnetic north.”— “On the structure of Large Mineral Mosses, Trans, of 
the Geological Society of London,” 2nd series, vol. ill., p. 477. 



b 


Among the contorted and cleaved rocks, some will be found 
which may lead an observer to consider how far the cleavage took 
place after their consolidation into the hard sandstone, and even 
quartz rocks which he may find, or had occurred while that con- 
solidation was in progress. The following sketch (fig. 237) of the 


Fig. 237. 



a a 


cleavage of hard sandstone beds, with some slate, part of the Cam- 
brian series, at Bwlchhela, nearly opposite the Penrhyn slate 
quarries. North Wales, may serve to illustrate this subject, a, a, 
being the lines of cleavage traversing the disturbed beds. Cleavage 
of this kind is exhibited on a much larger scale at the Holyhead 
Mountain, Anglesca, amid its quartz rocks, thus rendered fissile in 
a great measure across the bedding, as is shown in the following 
section (fig. 238) seen on the cliff opposite the South Stack Light- 


Fig. 238. 



house ; the nearly vertical lines, a, a, a, representing the direction 
of those of cleavage, varying somewhat in their amount of dips, the 
contorted beds being composed of sandstone and slate ; the former, 
for the most part, converted into quartz rock. 

Occasionally a double cleavage will be found, one set of planes 
cutting another, as in the annexed section (fig. 239), where two 
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sets, a a and h b, cross the beds c, c, and each other, dividing up 
the mineral matter of the deposit into elongated forms of a pris- 

Fig. 239. 



matic cliaracter.* To the same kind of action we may, perhaps, 
assign those somewhat regularly- formed solids into which arena- 
ceous beds arc occasionally divided in countries where cleavage 
has been effected. In such cases the cleavage planes cut those of 
deposit or true bedding, either at riglit or considerable angles, so 
as to produce forms of the following kind (fig. 240). The result- 

Fig. 240. 

7 

ing portions of rock vary considerably in size. We have seen some 
not much larger than four times that above represented, though 
they are usually much larger. 

As to the relative date of the cleavage, the observer may some- 
times obtain evidence of' importance. Thus in Ireland, in the old 
red sandstone scries of the counties Waterford, Kerry ,t and Cork, 
which affords such excellent examples of cleavage, it will probably 
have been effected after that of the Silurian rocks of Wicklow, 
Wexford, and Waterford; inasmuch as portions of Silurian slates 
are to be found in the conglomerates of the old red sandstone of 
Waterford, clearly worn off, in a cleaved condition, from the sub- 
jacent, upturned and contorted rocks, on which this conglomerate 
has been deposited. Hence, also, it may be inferred that the 
cleavage of' the mountain or carboniferous limestone shales found 
in some parts of Ireland, occurred after that of the Silurian rocks 
above mentioned. In the following section (fig. 241), representing 

* When the joints, to be hereafter noticed, are numerous and somewhat close to 
each other, tlie rock becomes broken up into a multitude of short irregular prismatic 
portions, of a marked character. 

t In the road, now so much visited for the t>eauty of its scenery, between Kil- 
larney and Glengariif, excellent examples of cleavage will be seen. 
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veins of a porphyritic rock, a, a, traversing some Devonian slates, 
bj by between Cawsand and Redding Point, Plymouth Sound, the 



slates and the igneous rock presenting one common lamination 
from cleavage, the latter would be effected after the intrusion of 
the porphyry. Upon studying the mode of occurrence of the 
rocks in the district, it will be found, as above noticed (p. 569), 
tliat porphyries of tliis kind might belong to the period of those 
kn(jwn as elvans in Cornwall and Devon. 

By examining the conglomerates usually forming the lower part 
of the new red sandstone series of Devonshire, the observer detects 
portions of tlic prior -formed rocks laminated in a manner so agree- 
ing with cleavage, that he may infer that the cleavage of the older 
Devonian rocks was ejected before the deposit of the new red 
sandstone in that district, and subsequently to the intrusion of the 
granite. 

Upon following out the modification and adjustment of parts in 
rocks traversed by cleavage, it will in many districts be seen that 
there has been a movement and rearrangement of them in direc- 
tions corresponding with the planes of cleavage. There have often 
been elongations in those directions, so that any organic remains 

Fig. 242. 



contained in the beds become distorted, and seem as if* pulled out, 
as in the preceding sketch (fig. 242), where several shells of 
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StropTiomena expama have suffered this elongation, in the direction 
of the plane of cleavage, a 6, at Cwm Idwal, Caernarvonshire, the 
real form of this shell being that represented beneath (fig. 243). 
Sometimes a fossil, such as a trllobite, may be doubled down on 
both sides, as over a ridge, in the following manner (fig. 244), the 
Fig. 24a Fig. 244. 



sides of a Calymene BlumenbachiU liaving been, as it were, 
pulled down by the cleavage, the real form of this trllobite being 
that shown at 5.* * * § This adjustment of a fossil to tlie planes of 
cleavage has been regarded by some geologists as effected by a 
purely mechanical movement, cleavage being referred to a pressure 
of the component parts of rocks pnxl active of tlie effects seen. 
The observer will do well to consider the evidence adduced in sup- 
port of this view.*f" At the same time he will have to direct Ills 
attention to the lamination of clays effected by electrical action, 
as shown by Mr. Robert Were Fox,J and Mr. Robert Hunt,§ and 
bear in mind tliat great masses of nx^ks are often extended layers 
of dissimilar or variously aggregated matter, moistened by saline 
solutions, in which common salt frequently occupies a prominent 
place. He has also to recollect tliat these layers, as has been 
pointed out by Professor Rogers, 1| may, under certain conditions. 


* The specimen whence the sketch is taken is from the lower Silurian rocks of 
Hendre Wen, near Cerrig y Druidion, North Wales, 

f See writings of Mr. Sharpe, Geological .Journal, vol. ii., p. 74 ; vol. v., p. 111. 

X Mr. Robert Were Fox having produced lamination of clays by moans of long- 
continued voltaic electricity, pointed out (in 1837) the bearing of his ex]>erimcnt8 in 
the Report of the Polytechnic Society of Cornwall for that year (pp. 20, 21, and 
68, 69). lie found Uiat the planes of the lamina' were formed at right angles to the 
direction of the electric forces. With reference to the cleavage of nicks, Mr. Fox 
considered “the prevailing directions of the electrical forces, depending often on 
local causes, to have determined that of cleavage, and the more or less heterogeneous 
nature of the rock to have modified the extent of their influence.** 

§ Experiments carried on by Mr. Robert Hunt, at the Museum of Practical 
Geology, showed similar results ; Memoirs of the Geol. Survey, vol. !.. p. 433. 

I) Athenaeum, Proceedings of British Association, Birmingham, 1849. 
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be dilFerently heated, one portion descending to the depths beneath 
the surface of the earth, where a high temperature could act on 
such parts of* the rocks, and the solutions in them, so that thermal 
electricity may be brought to influence the arrangement of their 
component parts. Viewing the subject in this light, the particles, 
all other tilings being equal, which were the most readily moveable, 
such as those of clays or unconsolidated accumulations of silt, would 
appear to be the deposits most readily acted upon. There appears 
little difficulty in inferring that the particles of matter, such as 
those which have composed slight organic bodies, or represent such 
particles at the time when the cleavage action was in force, would 
yield, like those amid which they were placed, to the same influ- 
ence, so that, at the final adjustment of all the component parts of 
a cleaved rock, they would be found so arranged, as regard their 
original position, as to present an elongated form. 

Cleavage will sometimes be found to occupy a somewhat isolated 
position in a given area, as also a portion unafiected by any action 
of the kind to occur in a generally-cleaved district. Facts 
illustrating the causes of these differences are very desirable, as 
are, indeed, all careful observations on the subject of cleavage, 
considered as a whole. Whatever view may be taken of its cause, 
extended research is required as to the direction of cleavage 
through many and various!} -situated regions, the composition and 
iiKxie of occurrence of the rocks traversed, and the changes in the 
dips of the planes of cleavage, as well as in their directions. In 
certain districts, where different directions of cleavage seem much 
to correspond with that of the ranges of the rocks themselves, and 
these are of different geological ages, as, for example, the north-cast 
portion of North Wales, where certain Upper Silurian deposits 
have been accumulated upon rocks of the Lower Silurian series, 
upturned, with others of the Cambrian senes supporting them, 
it becomes desirable to ascertain how far one direction of cleavage 
is limited to the rocks of* one general range and not found in the 
other. In other words, endeavouring to ascertain how far the 
cause of cleavage, or its mode of action, may ha\e depended upon 
the general position of the beds in the rocks themselves. Now, 
in the case mentioned, the cleavage of the older rocks (Lower 
Silurian and Cambrian) differs considerably from that found in 
tliose more recently deposited (Upper Silurian). When the ob- 
server connects this with the circumstance that in the same country 
(North Wales) one set of rocks (the former) had been disturbed 
and contorted, even in parts probably constituting dry land, 
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(certain of its rocks, at leasts so consolidated that they could be 
broken off and form the materials for beaches, with vein quartz, 
pointing to the fi llin g of cracks and fissures,) he may be led to 
inquire not only into the evidence of the cleavage having been 
effected in the older deposits anterior to that in the more recent, 
but also into the probability of this action having coincided with 
the different geological times during which the consolidation of 
both may have taken place. 

In some districts, it requires no slight care on the part of a geo- 
logist to ascertain whether the lamination of a roc’k before him may 
be due to that of original deposit or to cleavage, far more, without 
some experience, than might at first be thought probable. This 
difficulty is occasionally also increased by such arrangements of 
parts, apparently produced during the action effecting cleavage, 
that the matter of the rock is gathered under somewhat different 
forms in the planes of cleavage, causing a diversified kind of lami- 
nation of a very deceptive kind. Instances of this fact may be 
well seen in Wales and in southern Ireland. Where such diffi- 
culties present themselves, the observer should very carefully 
search for lines of organic remains, which usually afford clear 
evidence of the true planes of bedding ; a slight seam of such 
remains may often suffice to place him right with respect to the 
true bedding of a mass of cleaved rocks. Sandstone, limestone, or 
other rocks marking the bedding, should also be carefully sought, 
so that errors, easily committed in some regions, leading to the 
confusion of the range and direction of the true bedding, may bo 
avoided. In a section such as the following (fig. 245), a stratum 


Fig. 245. 



b a b b 


of this kind as at a, may show the true bedding, perhaps otherwise 
very indistinct, the cleavage, i, being so prominent as to give a 
false appearance of deposit lamination in another direction. 

Independently of the arrangement of the component parts of 
rocks into cleavage, under certain conditions, there is another 
adjustment of them, to which the term joint has been applied. It 
is one to which the observer, among consolidated deposits and 
igneous matter, will often have to direct his attention. Joints are 
of far more extended occurrence than cleavage, though they are 
to be found as commonly in districts affected by the latter, as in 
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others. They are seen as frequently among rocks which have been 
ejected or protruded in igneous fusion, as among those which are 
detrital, or which may have been deposited from solution. They 
traverse the coarsest conglomerates as well as accumulations of the 
finest sediment, such as once may have been common argillaceous 
clay or mud. The distinction between coarse cleavage and closely- 
approximated joints may be sometimes difficult to determine, as, 
for example, in the section beneath (fig. 246), representing a por- 


Fig. 246. 



pliyry traversed by planes, dividing it into slabs of moderate tliick- 
ness in a given direction, on the summit of the mountain on tlie 
south of Clynog Vawr, Caernarvonsliirc. As a wliolc, however, 
tlic joints so traverse all kinds of rocks, cutting through such 
varied bexlies, those, for example, often gathered together in a coarse 
conglomerate, and in such definite and perfect planes, that power- 
ful as cleavage has often been, the action productive of joints some- 
times aj)pears to have been more capable of dividing the mineral 
matter brought within its influence. 

It is often by means of the minor solids into which many rocks 
are divided from the intersection of joints, or by that of the latter 
and tlie planes of true bedding, that they can be employed for 
useful j)urposes. Though from the last circumstance long known, 
joints have only attracted attention as among objects of geological 
interest within the present century. The joints of granitic rocks 
appear to have been among the earliest of those observed as having 
definite, or nearly definite directions for considerable distances in 
given areas.* The planes of joints in these rocks not only present 


* With respect to the directions of joints in south-western England, Professor 
Sedgwick remarked in 1821 (Cambridge Philosophical Transactions, vol. i.) that 
whenever any natural section of the country (Devon and Cornwall) exposes an 
extended surface of the granite, we find portions of it divided b}' fissures, which often, 
for a considerable extent, preserve an exact parallelism among themselves.” He 
further adds, that “ these masses are not unfrequcntly subdivided by a second system 
of fissures, nearly perpendicular to the former, in consequence of which structure the 
whole aggregate becomes separated into blocks of rhomboldal form.” In 1833, 
Mr. Eiiys pointed out that the vertical joints of the Penryn granite ranged from 
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much interest in themselves, as dividing the matter of the rock, so 
that in some which contain large crystals of felspar, as in the 
south-west of England, and other districts, the parts of the divided 
crystals exactly face one another on each side of the joints, but also 
as coinciding with a kind of cleavage, usually found ranging parallel 
to the fissures of jointing, so that the quarry-men will work off 
minor portions of the granite by, as they term it, taking the grain 
of the stone, this grain being parallel with the planes of the joints. 
Though the joints are sufficiently obvious, this grain may not be 
perceptible to the eye of an observer, at the same time that the 
quarry-men, working from experience in certain directions and 
planes, produce the effect desired by forming holes and driving 
numerous wedges in such planes. 

The columnar appearance of granite, produced by the occurrence 
of block upon block, as if artificially piled on each other, is often to 
be seen on exposed mountain peaks, bosses protruding from more 
rounded and less elevated masses of that rock, and on sea cliffs. 
The following (fig. 247) may serve to illustrate the appearance ol‘ 



jointed granite on sea-coasts, such as those of the liand’s End dis- 
trict, Cornwall. The horizontal planes shown, are due to the 
structural arrangement of the granite of that county, and are to be 

N.N.W. to S.S.E., varj'ing but a few degrees from those points.— (“On the Granite 
District near Penryn, Cornwall,” London and Edinburgh Phil. Mag., May, 1833.) 

From very careful research in the granitic districts of Cornwall and Devon we 
found, as elsewhere stated (Report on the Geology of Cornwall and Devon, 1839), 
that many hundreds of observations gave about 80 per cent, of cases in which the 
great joints differed only 14° from N. 25° W., and about 15 per cent, of instances in 
which they varied between 14° to 20° from that point, leaving 5 per^sent. of cases in 
which the northerly and southerly joints more approximate to the cross joints. The 
prevailing direction of the joints in the serpentine district of Cornwall ranges within 
a few degrees of N. 25° W. In this body of rock, as in the various granitic portions 
of the same district, there are numerous variations in direction, but viewed as a whole 
the general range of joints is as above stated. 
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seen in many other parts of the world, in accordance with the 
external form of the general mass. It may be, that in the joints 
of granitic rocks we only have the structural arrangement of parts 
effected at tlieir consolidation, so that the different origin of the 
horizontal from the vertical planes may be somewhat imaginary. 
The more or less vertical joints of some granitic areas are certainly 
often continued, as for example in Cornwall, into the sedimentary 
rocks amid which they may occur, but how far it can thence be 
inferred that these were produced subsequently to the horizontal 
planes in the granite may be questionable, inasmuch as the jointing 
of tlie whole area may have been effected at one geological period. 
Indeed, as above noticed (p. 580), the granite may often be inferred 
to be at comparatively slight depths beneath such districts, sup- 
porting the sedimentary rocks that have been upraised. 

Though it may be sometimes doubted, regarding the more or 
less vertical jointing of granitic rocks, how far this may be considered 
as originally structural, like the divisions in certain felspathic and 
hornblendic rocks, giving a columnar character to them, in the 
manner of basalts (p. 405), there can be no doubt as to the joints 
in the sedimentary rocks. Here the observer certainly sees the 
matter of consolidated gravels, sand, silt and clay, or mud, dis- 
tinctly divided by planes cutting through It in marked directions 
for considerable distances. Such appearances as the following 
(fig. 248), are often presented to our attention amid sedimentary 
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accumulations, particularly when these arc well consolidated, two 
sets of joints, shown by the planes a and 6, intersecting at e, and a 
joint parallel to a appearing at d. 

The most striking illustrations of the action of the power pro- 
ductive of joints are to be seen in conglomerates, where a great 
variety of pebbles, and of different sizes, is sometimes found divided 
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JOINTS AMONG CONGLOMERATES. 


[Ch. XXXII. 


as smoothly, in given planes, as if these pebbles had been formed 
of soft yielding substances, and had been cut by some thin sharp 
instrument, dividing them asunder in one plane. Good illustra- 
tions of this circumstance may be seen in the conglomerates amid 
the older rocks, and perhaps are nowhere better exhibited than 
among the old red sandstone conglomerates in the county of 
Waterford. Huge masses of the conglomerate, composed of quartz 
pebbles, and of portions of older arenaceous and other deposits, as 
also of igneous rocks, in certain localities, may be found smoothly 
cut through, and separated by joint planes. In the Commcrachs, 
as for example, in the cliffs rising several hundred feet above the 
lakes, they seem to divide the mass of conglomerate into huge 
columns. Upon careful examination, the division presents no trace 
of dislocation or movement, the faces of the divided parts of the 
pebbles fitting each other exactly. Joints of this kind are very 
accessible, and readily seen in the old red sandstone conglomerate 
resting upon upturned Silurian rocks, opposite the town of Water- 
foid. Of the manner in which these divisional planes pass through 
conglomerates, without the slightest trace of movement of the beds, 
or of the pebbles in them, the best opportunities are sometimes 
afforded on sea-coasts, especially where the beds may be nearly 
horizontal, and well defined, and where the tide may recede con- 
siderably from the shore. Of this kind, the following sketch 
(fig. 249) of a joint, a, b, traversing a remarkable conglomerate amid 
the mountain limestone series on the coast, near Skerries, county 

Fig 24-9. 



Dublin, the pebbles being of considerable size, may be found illus- 
trative. The surfaces of the divided pebbles, composed of portions 
of Cambrian rocks, probably derived from masses of them still in part 
remaining in the vicinity, are as smooth as if no divisional plane of 
the kind passed through them, yet it is one not only cutting 
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through this conglomerate, but the limestones with which it is 
associated. 

Joints in limestones are often of the most marked kind. In 
many cases there is no difficulty in distinguishing the bedding 
from the joints. In others, however, the observer will not find it 
so easy to determine between the two surfaces, without much care. 
It sometimes happens, that the joints have a much more marked 
appearance than the divisions of true bedding. As, for example, 
in the annexed sketch (fig. 250), wherein the joints arc prominently 
shown, one in particular being somewhat opened at a, while the 


Fig. 250. 



true bedding, b b, is more obscure. In such cases, the observer has 
carefully to search for lines of organic remains, dissimilar beds, or 
partings of shale or other substances, in order to be sure of the 
true bedding. 

The courses of joints, though often of a marked kind through 
various rocks in the same district, and in the same general direc- 
tions for long distances, as if the power })r(Klucing them had been 
brought into action under some great leading influence, affecting a 
great mass of* mineral matter in that district, however modified in 
character its parts may be, appear not a little adjusted, as in 
cleavage, to the main position of the component beds, there being 
frequently a tendency in joint divisions to take courses at right 
angles, as a whole, to it. As in cleavage, also, divisions re- 
sembling jointing, so far as their distance from each other is con- 
cerned, appear to run through certain beds of a general accumula- 
tion more abundantly than in others. Of this kind, the divisions 
through parts of the shales of the lias near Lyme Regis may be 
taken as an example. Though joints are not there observed in the 
mass of the argillaceous limestones composing that deposit, in 
certain beds of shales, on the west of the town, divisions, perpen- 
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dicular to the beds, may be seen to run like so many planks on a 
floor, stretching as far as the beds are exposed at low water. 

As there appears little reason to doubt that joints, like cleavage, 
have been formed, under suitable conditions, at different geological 
times, and as these cleaved or jointed rocks may readily have been 
moved after they were divided in this manner, it would be expected 
that, sometimes, the position of the one and the other, as regards 
their direction with the horizon, is not that in which either the 
cleavage or jointing was effected. Cleaved and jointed rocks arc 
sometimes found in positions to render such subsequent movements 
probable. For example, the old red sandstone series of southern 
Ireland reposes upon Silurian rocks probably cleaved, if they were 
not also jointed, prior to the accumulation of the former, and the 
same series is also traversed by similar divisions. Upon studying 
that portion 'of Ireland, the observer finds that the old red sand- 
stone, with also the carboniferous or mountain limestone series 
resting upon it, has been also disturbed since its deposit ; hence, 
the lower rocks having been again moved to permit the rolling and 
bending of the great mass of matter resting upon them, their 
original planes of cleavage, if not of joints also, can scarcely be in 
their original position. The probability of such movements may, 
therefore, somewhat interfere with first views as to the original 
position of‘ cleavage and joints, and the geologist should bear in 
mind, that the movement of a body of rock, divided in this manner, 
into flexures, might be accompanied by the friction of some of the 
surfaces of the divisional planes upon each other, thus embarrassing 
his researches into the original condition of such surfaces. Move- 
ments of this kind may give an uncertainty to the slightly-inclined 
planes of joints which arc sometimes found, though there is, as yet, 
no evidence to show that joints have originated in a manner to 
render divisions in the mineral matter improbable at these angles 
with the horizon. Such planes of joints require to be well distin- 


Fig. 251. 



guished from those of true beds, which they often much resemble, 
as, for example, in the preceding section (fig. 251), where a mass 
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of argillaceous matter, originally a tliick accumulation of clay or 
mud, though now consolidated into hard rock, shows joint lines, 
a a ay and sections of the planes of cleavage, b by but does not 
exhibit a surface sufficiently large to show the planes of true 
bedding. 

Occasionally, the division of an original deposit of clay or silt, by 
cleavage and joints, becomes most complicated, requiring no slight 
care on the part of an observer to arrive at the surfaces of the true 
beds, more especially when organic remains are absent, and the 
mineral matter is of a common character throughout. Of this kind 
of complication, the following sketch (fig. 252) of a quarry at 


Fig. 2.')2. 



Brewer's Hill, county Wicklow, may be useful as an illustration. 
The true bedding is a plane, lacing the reader, while there are 
divisional planes ranging in the direction a a, in that of b by and in 
that of c c. 



CHAPTER XXXIII. 

BENJJING, C0NT0RT10r»r, AND FRACTURE OF ROCKS. — EARTH’s RADIUS COM- 
PARED WITH MOUNTAIN HEIGHTS. — VOLUME OF THE EARTH WITH 
MOUNTAIN RANGES. — EFFECTS OF A GRADUALLY COOLING GLOBE. — 
MOUNTAIN RANGES VIEWED ON THE LARGE SCALE. — DIRECTIONS OF 
MOUNTAIN CHAINS. — CONDITIONS EFFECTING THE OBLITERATION OR 
PRESERVATION OF MOUNTAIN CHAINS.— LATERAL PRl-iSSURE ON BEDS OF 
ROCK AMID MOUNTAINS. — BENDING AND FOLDING OF DEPOSITS IN THE 
A1»PALACI1IAN ZONE, NORTH AMERICA. — FLEXURES AND PLICATIONS OF 
ROCKS IN THE ALPS, AND OF THE RHINE DISTRICT. — IGNEOUS ROCKS 
AMID CONTORTED BEDS. — CONTORTED COAL MEASURES OF SOUTH WALES. 
— CONTORTION OF THE COMPONENT PARTS OF BEDS. 

Though it has been necessary to allude to the disturbance of 
various accumulations, as well igneous as those formed by means of 
water, while noticing rocks of different kinds which have been 
more or less moved after their deposit or intrusion, it may be 
desirable to call attention to this subject as one which may also be 
conveniently considered by itself. It will have been seen, when 
pointing out the intrusion of igneous rocks, that the disturbance of 
mineral matter accumulated at one geological period, while the 
deposits of another were comparatively unmoved, assisted in afford- 
ing evidence of’ the relative time when the igneous rock may have 
been elevated in a molten state from beneath (p. 564) ; and also 
that the arrangement of conglomerates and sandstones against or 
around beds of prior-formed disturbed rocks was useful in showing 
the probability of ancient dry lands having occurred in particular 
situations, edged by beaches and coast cliffs, (p. 475). 

Though mountains by no means present us with the only means 
of studying the bending, contortion, and fracture of rocks on the 
largo scale, they become important from the masses of matter raised 
in them comparatively high into the atmosphere and sometimes 
continuous for considerable distances, from the frequent adjustments 
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of lower grounds to them, and the opportunities 

afforded for obtaining illustrative sections in 

various planes. A glance at any artificial ’ I — 

globe of fair dimensions will be sufficient to i 
show the ranges or chains, as they have been } 
termed, of those mountains which constitute j 
marked ridges upon the surface of the earth, l 
With such a globe before him, and bearing in i 
mind the heights of the various ranges or \ 
chains of mountains as compared with the I 
diameter of our planet, an observer may, pro- j 
bably, be led to infer that, however elevated i 
and important these may be considered by j 
those wandering amid their depressions, or ' 
striving to ascend their heights, viewed as ' 
ridges on the surface of the earth, they con- \ 
stitutc very minor protrusions, interfering | 
little with the general form of the world. It | j 

is somewhat important, in searching for facts 1 j 

illustmtive of the production of mountains, j / 

that their relative proportion to the volume • / 

and diameter of the earth should not be ne- ! I 


■ 

I 


I 

I 

I 

I 

I 

I 

i 


glected. If, in tlic annexed diagram (fig. 253), i 
ah e, represent a section of a portion of our \ 
planet, from its surface a, b, to its centre e ; | 

the tliick line, a, S, would be the elevation of 1 

even the highest mountains as compared with 
the radius of the earth. Hence it is not diffi- 


I 

I 

I 


cult to conceive that the rending of any portion 
of consolidated or partly consolidated mineral 
matter, distributed in various ways over the 
surface, a, b, and the squeezing of the sides of 
these rents or fissures against each other, (with 
or without the propulsion upwards of any 
molten substances amid interstices in the 
squeezed masses of consolidated or partly-con- 
solidated mineral matter, ) would present ridges 
of varied forms more or less corresponding with 
the lines of the fissures. 

It has been seen that igneous rocks have 
been ejected in various ways, that mineral 
matter worn from them by the action of the 
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sea and atmospheric influences, or obtained in solutions, has been 
spread over differently-sized areas, that these have sometimes 
moved up and down as regards the surface of the ocean, and that, 
considering rocks to have met with more elevated temperatures 
when depressed, (particularly when covered by superadded mineral 
matter above,) than when raised into the atmosphere, modifications 
have been effected in the arrangement of their component parts. 
Bearing all this well in mind, and giving considerable latitude to 
views of the thickness of the earth’s surface which may thus have 
been moved, if we assume this thickness to extend in depth even 
to 100 miles (a <?, b d, fig. 253), we merely arrive at the relative 
proportion of volume and thickness of the exterior of our planet 
shown in the accompanying diagram (fig. 254), wherein the depth 
of the 100 miles is represented by the thick line forming tlie 
circle. 


Fig. 254. 



Having prepared himself by this general view of the relative 
importance of the volume and diameter of the earth, and of the 
mountain ridges on its surface, the geologist will probably feel also 
disposed to regard the contortions and fractures of various rocks 
which he may discover in such ridges with reference to some cause 
acting generally over the surface of our planet, since he finds 
marked mountain ranges in all extensive areas of dry land. If, 
upon further investigation, he obtains evidence, as he will not fail 
to do, that all mountain ranges have not been elevated to their 
present positions contemporaneously, the deposits of particular 
geological periods resting upon prior-formed and disturbed beds in 
some, while in others, equivalents, in geological time, to these un- 
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moved deposits are themselves disturbed and broken, even, perhaps, 
covered tranquilly by subsequently-formed beds, he may be induced 
to conclude that whatever the cause of mountain ranges, it may 
have continued in action during a long lapse of geological time, 
and may still exist.* 

Upon connecting the form, volume, and diameter of the earth 


* The following section (fig. 255) may probably be useful in showing the relative 
age of disturbed beds of rock in mountain ranges. If tlie rocks a «, are found resting 
quietly on the upturned strata, b by it is inferred that b b have been disturbed prior 


Fig. 255. 

rA. 






to the accumulation of a a ; and, consequently, if a a be a known rock in the geolo- 
gical scries, a relative date is obtained for the movement of the beds b by so far as 
relates to a a. If it should so happen that there are no commonly known deposits 
absent between them, the approximate relative date of the uplifting of 5 6 is obtained. 
Should it also occur, in any range of mountains or disturbed country, that other accu- 
mulations, c, are, in like manner, so placed relatively to the deposits b b, that another 
and anterior movement of rocks can be inferred, then, in such range of mountains 
or disturbed district, there would have been two distinct movements, one prior to the 
production of b b, the other anterior to the accumulation of a a. In the case of beds 
covering contortions, it becomes very needful carefully to observe them sufficiently 
on the large scale. For example, let beds a < 2 , in the annexed section (fig. 256), 


Fig. 256. 



b c b 


repose quietly on the contorted strata h by and let the only portion exposed to view 
be where they are cut by the line c ; then all the beds would appear undisturbed, and 
it wouhl be only by moving to the right or left, and where the disturbed strata 
beneath might chance to be fairly exposed, that the real mode of occurrence may be 
found. This is by no means so needless a caution as might, at first sight, be supposed, 
particularly when the bends and contortions are upon the large scale. While on this 
subject it may be useful to notice the imperfect knowledge of the dip, or inclination 

Fig. 257. 



of beds, from one view of them only, since they may even appear horizontal, as in the 
annexed sketch (fig, 257), while in reality they have been much disturbed, forming a 
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with the relative proportion of the volume and height of mountain 
ranges, such as those of the Alps, Andes, and Himalaya, it may 
suggest itself to the observer to consider how far some general cause 
for these comparatively trifling ridges and rugosities, little inter- 
fering with the even character of the surface of the world, may not 
have followed some change in the volume of the earth itself. 
Should he try the hypothesis of a spheroid, such as that of the 
earth, losing heat by radiation into surrounding space, by which a 
given volume of matter parted gradually with its temperature, one 
sufficient at first to keep the whole in a liquid state, perhaps he 
might be led to infer that an oxidised and comparatively cooled 
superficial covering of solidified mineral matter, having a prevailing 
crystalline arrangement of parts, especially in its lower portion, 
might be brought under conditions by which it would have to 
crack and ridge up, with various adjustments as to foldings and 
fractures, in order to adjust itself to a mass below, gradually ceasing 
to occupy some originally-supporting space beneath it. Upon this 
hypothesis, the oxidation of the various elementary substances 
constituting the mass of* the mineral matter known to us on the 
surface of the globe, lias to be regarded, inasmuch as such oxida- 
tion would add to the volume of the elementary substances on that 
surface, and thus alone aid in altering the exact fitting of a crust 
of mineral matter upon tlie remaining portion of the earth beneath, 
the elementary substances in which had remained unchanged. 

Be this as it may, and whatever the hypothesis employed to 
arrive at the cause of mountain chains, it appears desirable so to 
examine into the facts connected with the arrangement of’ the masses 
of* mineral matter of which mountain ranges may be composed, that, 
while all due regaid be paid to individual chains, observation should 


portion of some bent or contorted rocks, as is shown in the following view (fig 258), 

Fig. 258. 



supposed that of the same cape (;>, in both figures) on a coast projecting from the 
mainland, a a. 
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also be directed to the subject on the larger scale. The earth so 
little differs from a sphere in form, that, in investigations ol‘ this 
kind, it may be regarded as one composed of matter upon which 
some general action, tending to ridge its surface, might also produce 
results on that surface of a definite general kind, supposing forces 
and resistances, and all other circumstances, equal. It is in this 
supposition of exactly equal conditions that there may be much 
difficulty with such relatively minor volumes of matter as mountain 
chains, so that even inferring some constant action, it may be so 
modified by circumstances as to be materially concealed from obser- 
vation. To the direction of lines of disturbances on the earth’s 
surface, productive of mountain chains, or otherwise, as may have 
occurred, much attention has been given of late years, in conse- 
quence of the labours of M. £lie de Beaumont on this subject.* 
He has inferred that there is evidence to show that, during the 
lapse of* geological time, the disturbances of the earth’s crust have 
been effected in given directions, at certain times, and that these 
disturbances have taken place along considerable fractions of the 
great circles of our planet.t He has further considered that there 

* The first account of the views of M. Elie de Beaumont on this subject was com- 
municated to the Academy of Sciences of Paris, in June, 1829. 

f M. Elie de Beaumont remarks, in a communication to the author, in 1831 (Geo- 
logical Manual, 1831), “Pursuing the subject, as far as my means of observation and 
induction will permit, it has oppeared to me that the different systems (of mountains 
and disturbed rocks), at least those which are at the same time the most striking and 
recent, are composed of a certain number of small chains, ranged parallel to the semi- 
circumfercncc of the earth’s surface, and occupying a zone of much greater length 
than breadth ; and of which the length embraces a considerable fraction of one of 
the great circles of the terrestrial sphere. * * * The secular refrigeration, that is to 
say, the slow diflTusion of the primitive heat to which the planets owe their spheroidal 
forms, and the generally- regular disposition of their beds from the centre to the 
circumference, in the order of specific gravity,— the secular refrigeration, on the 
march of which M. Fourier has thrown so much light, docs offer an clement to which 
these extraordinary effects (the elevation of mountain chains) may be referred. This 
element is the relation which a refrigeration so advanced as that of the planetary 
bodies establishes between the capacity of their solid crusts, and the volume of their 
internal masses. For a given time, the temperature of the interior of the planets is 
lowered by a much greater (quantity than that on tlieir surfaces, of which the refrigera- 
tion is now nearly insensible. We are, undoubtedly, ignorant of the physical pro- 
perties of the matter composing the interior of these bodies ; but analogy leads us to 
consider, that the Inequality of cooling above mentioned would place their crusts 
under the necessity of continually diminishing their capacities, notwithstanding the 
nearly rigorous constancy of their temperature, in order that they should not cease 
exactly to embrace their internal masses, the temperature of which diminishes 
sensibly. They must therefore depart, in a slight and progressive manner, from the 
spheroidal figure proper to them, and corresponding to a minimum of capacity ; and 
the gradually-increasing tendency to revert to that figure, whether it acts alone, or 
whether it combines with other internal causes of change which the planets may 
contain, may, with great probability, completely account for the ridges and pro- 
tuberances which have been formed at intervals on the external crust of the earth, 
and probably also of all the other planets.” 
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have been several distinct systems of disturbance, each marked by 
a given direction. When more recently describing some lines of 
this kind which he considers referable to certain systems, succeeding 
each other in the order of geological time, and all of relatively 
ancient geological date, M. £lie de Beaumont takes occasion to 
remark, after alluding to the systems of small arcs of great 
circles, that, the fundamental problem presented by a like system 
of small arcs observed on the surface of the globe, where they are 
marked by the crests of mountains or by the outcrop of beds, consists 
in determining the great circle of comparison, to one of the elements 
of which each of the small arcs observed is parallel.”* Thus while 


* “ The small arcs determined by observation,** continues M. Elie de Beaumont 
(Bulletin de la Soc. Geologique de France, 1. 1846-7), “ may be generally considered 
as being themselves infinitely small secants, or tangents to so many small circles 
resulting from the intersection of the surface of the sphere with planes parallel to 
the great circle of comparison, forming the equator of the whole system. Each of 
these small circles is a parallel with respect to the equator of the system ; it has the 
same poles as it, and these poles are the two points where all the great circles per- 
pendicular to the small arcs, constituting the system of parallel traces determined by 
observation, intersect. 

“ The problem arising from such a system of parallel traces observed on the surface 
of the globe consists in determining these two polos, or, which amounts to the same 
thing, its equator, e.e., the great circle of comparison to which each of the small arcs 
observed may be considered as parallel. This determination,” observes M. Elie do 
Beaumont, “ would be easy, and might be made after two, or at least a few observa- 
tions, if the condition of parallelism were rigorously satisfied : since, however, this 
in general is but approximately accomplished, the determination of the great circle 
of comparison can only follow from the means of numerous observations, well com- 
bined with each other; and thus, while the observations are not very multiplied or 
spread over a wide space, we can only advance towards this determination by suc- 
cessive approximations.** 

As it would be quite impossible to present a correct view of the different systems 
of disturbance, without the needful tables and calculations on which he has founded 
them, and which w ould be here out of place ; and as it would moreover be extremely 
difficult satisfactorily to abridge the very condensed statements of M. Elie de Beau- 
mont, we would refer the geological observer to his memoir in the “ Bictionnaire 
Universelle d*Histoire Naturelle,** t. xii. p. 167, and to his more extended and recent 
general wwk on this subject, entitled “ Notice sur les Systemes de Montagnes,’* Paris, 
1852, in which he has treated the subject still more at large, and up to tlie present 
time, and where all his views respecting the great disturbances on the earth’s surface, 
produced at distinct geological times, will be found. 

In a note “ Sur la Correlation des Directions des differents Systemes do Montagnes ** 
(Comptes Rendus, 9 Septembre, 1850), M. Elie de Beaumont calls attention to the 
present known directions of mountains, and their adjustment to a pentagonal network 
formed by the intersection of fifteen great circles of the sphere. For the mode of 
investigation on which this view is founded, our limits compel us to refer to the 
memoir itself. M. Elie de Beaumont concludes his note by remarking that “ the 
fifteen circles which divide the surface of the sphere into twelve regular pentagons 
possess the property of the minimum contour of the system of lines of most easy 
crushing {phu facile ecracement'). If the ridging of the earth’s ci^st were simul- 
taneously produced, these fifteen circles would, perhaps, be alone traced ; but as the 
production of the different systems of mountains has been successive, the octahedral, 
dodecahedral, and others, have probably been the forms necessarily intermediate in 
passing from one to the other of the fundamental circles.** 
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estimating the directions of disturbance at different geological times, 
with reference to the views of M. Elie de Beaumont, the observer 
would have to bear in mind the great circles of comparison to which 
the directions of any ranges of mountains, or masses of disturbed beds 
are to be referred. 

In investigations of this kind, the geologist has to consider not 
only any exertion of force tending to disrupt portions of the earth’s 
surface, acting generally or partially, but also the kind of resistance 
offered, one which may be materially modified by any variable 
thickness of the solid matter acted upon, and by variations in the 
coherence of portions of that matter. As in all movements of this 
order, differences in the lines of least resistance to some given force, 
independently of those in that force Itself, would produce very 
marked difierences in the ranges of disturbed rocks, especially on 
the minor scale, in researches of this kind it may not be easy always 
to estimate very correctly the value of a so-called minor scale. If 
an observer, aware of the general geological structure of the British 
Islands, and of a few thousand square miles of the adjoining portion 
of the continent of Europe, duly weighing the probability of the 
mode of occurrence of the different rocks to a depth not extending 
to even more than three or four miles, suppose this mass of variably- 
accumulated matter to be ridged, squeezed, and contorted by a force 
acting in some given direction, so as to produce a lofty chain of 
mountains like the Alps or the Himalaya, he would expect tliat 
very material minor modifications are not unlikely to be produced 
in the direction of the various parts, and even that these might 
extend and interfere with the direction of the range itself. If the 
great masses of igneous rocks, such as the granites of various parts 
of the area mentioned, are to be inferred as, so to speak, anchored 
somewhat firmly beneath, a crush, acting upon them and the de- 
trital accumulations by which they may be surrounded superficially, 
or be covered by to various depths, would be expected to be marked 
by an arrangement of the mineral matter in accordance with its 
different coherence, form, and thickness. 

As during the progress of geological time so much of the earth’s 
surface, formed of either igneous products or strewed over with 
dctrital, or chemically-deposited matter of various kinds, as also 
with the remains of animal and vegetable life, has been covered by 
more modern accumulations of the like kind, even now, over wide- 
spread areas, concealing them, it becomes no easy task for the 
geologist to picture to himself the surface conditions of our planet 
at given periods, so that the disturbed and undisturbed portions 
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may be duly estimated. This becomes the more difficult as his 
investigations extend to the earlier periods, since not only may so 
much of the then surfaces of the earth be now buried beneath more 
modem accumulations, but even the ridging of such surfaces, con- 
stituting mountains, may have been obliterated by that action of 
the sea and atmospheric influences to which the term denudation 
has been applied. Looking at these sources of the removal of 
mineral matter, and for the moment inferring all other conditions 
to be equal, the older a range of mountains the less should we 
expect the remains of it ; and conversely, the more modern the 
range the more should we expect to And it unaltered in its form 
and general character. Here at once the differences in the other 
conditions present themselves. Contemporaneously-produced ranges 
of mountains, and even portions of them, may have been acted upon 
very variously. One range, or part of it, in some given area, might 
remain as when thrust into the atmosphere, modified only by the 
influences to which it has been therein exposed, while in another 
area, or part of one, the land may have been depressed beneath and 
raised above the sea level, even several times, with the attendant 
consequences of either new coverings or the removal of mineral 
matter thence arising. 

Fortunately in Europe and America large tracts are found, 
where the beds of the older fossillferous rocks still occupy po- 
sitions not very different from those of* their accumulation, and 
wide-spread areas have changed their relative levels, as regards that 
of the sea, so in mass, that these old sea-bottoms became large 
portions of dry land, without tlie folding and crushing of their 
component beds. Other considerable areas of* like kinds may pro- 
bably be detected when extended, and as yet little explored regions 
become better known. Be that as it may, these old undisturbed 
portions of the world’s surface become important, from pointing 
out those parts of it which have escaped the ridging, squeezing, 
and contortions to be found in many other localities. If we could 
obtain such somewhat widely dispersed, they would aid consider- 
ably in separating the undisturbed from the disturbed portions of 
the earth’s crust, so far as regards the squeezing or contortion of 
them, though not, as is obvious, those which may have been lifted 
and let down bodily in a horizontal or nearly horizontal manner. 
When we find, as in the great north and south range of the Ural 
mountains, these same accumulations squeezed and disturbed as a 
whole, and in a marked line, and the relative date of the disturb- 
ance can be approximately inferred, as has been done by Sir 
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Roderick Murchison and his colleagues, Count Keyserling and M. 
de Vemeuil,* the geologist obtains a knowledge, not only of the 
time up to which these portions of the earth’s surface may have 
remained without such disturbance, but also of the direction of the 
line or lines along which it was effected. 

The mountain ranges of the world, occurring in so many parts of 
its surface, seem all marked by evidence of the squeezing and con- 
tortion of the different accumulations disturbed, as far as researches 
have yet extended. While some show igneous matter to have 
risen up in somewhat considerable abundance, and apparently 
when these disturbances were effected, it is not discovered so com- 
monly in others. This may merely depend, all other things being 
equal, upon the amount of mineral matter of another character 
which has been removed, or upon that matter having been so ad- 
justed as to conceal the igneous rocks. Much caution is therefore 
needed when an observer may be engaged in this kind of inquiry. 
Thus, in some granitic ranges, such, for example, as those above 
noticed in South-western England and South-eastern Ireland, we 
may only have the remains of former chains of mountains. 

To obtain very close approximations in ranges of mountains, 
to the amount of folding, contortion, or fracture of the various 
rocks acted upon in the manner mentioned, sections should be 
formed proportionall}' representing these circumstances. Usually, 
however, no great exactitude is attempted, so that sections of 
mountain districts merely afford very general views on the subject. 
Even these, nevertheless, are sufficient to show the great lateral 
pressure to which the whole, abstracting any igneous rocks 
(apparently introduced during the time or times of such disturbing 
action), has been commonly subjected. The observer often finds, 
when following some given series of beds, presenting characters 
sufficiently marked for the purpose, and properly weighing the 
evidence as to gaps, due to the openings from fractures, that if 
such contorted beds could be again laid out flat, as when deposited. 
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they would have to be spread over a greater superficial area than 
they now occupy. Thus, if in the annexed section (fig. 259), 


* “ Geology of European Russia and the Ural Mountains.” 
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the curved and contorted line represents the foldings and con- 
tortions of a given series of beds, c 5, on the flank of some moun- 
tain chain, such as the Alps, and, allowing for fractures and 
portions removed, if that line be reduced to a straight one, a 5, it 
will be evident, that a lateral extension to the amount of the dis- 
tance a df, will be required for the return of these beds to their 
original position, supposing, for illustration, the point h to have 
remained firm. In like manner, if instead of one flank only of a 
range of mountains, thus exhibiting a folding and contortion of its 
beds, both flanks do so, and a section across the whole range shows 
these to be of the kind represented beneath (fig. 260), then the 

Fig. 260 
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line c cZ, would represent the distance required for the flattening 
of the folded and contorted beds, instead of that of a 5, giving 
the distance now occupied by them. If the points a and J, be 
inferred to have remained relatively firm, as respects distances 
outside them, then there has been a diminution in the distance be- 
tween them, equal to c a + 5 cZ, the beds previously occupying the 
distance c d, being so folded and bent as not to extend beyond a h. 
Hence, also, a motion from c to a, and from cZ to J is inferred, and 
supposing the substances of these beds sufficiently yielding, this 
might be accomplished without a break at/. Considering breaks 
to have been formed at the chief bends, as at o, o, o, o, the dis- 
tances for the relative movement c a, and b cZ, may be somewhat 
altered, fractures of the kind represented beneath, in fig. 261, 


Fig, 261. 



being to be taken into accoimt, c being a line of fracture along 
which the beds a are considered to have slid to 6, 

A diminution of the area previously occupied^by*these folded 
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and contorted beds having been thus effected, the observer has to 
see whether on the one side of a mountain chain or the other, or 
on both, there may be any evidence in favour of lateral pressure 
acting from without inwards, or if there may appear any in favour 
of a great fissure or fissures, in the ranges of the mountains them- 
selves, against the sides of which the rocks moved, and had ad- 
justed themselves according to the action of gravity, and the 
lateral thrust upon yielding materials outwards. The usual im- 
pression left, by even the general sections given of ranges of 
mountains, such, for example, as those of the Alps, is, that there 
has been an elevation of their component rocks in the direction of 
these main ranges, and that they have adjusted themselves late- 
rally to meet the force of gravity acting vertically upon the upraised 
mass.* Inferring the needful pressure, it would be expected, that 
molten matter beneath the masses moved, would be ready to enter 
amid any openings effected, as far as that pressure permitted, this 
intruded matter tending to brace much of the fractured beds to- 
gether, upon cooling. An intrusion of such molten rocks, might, 
therefore, be among the consequences of the action producing the 
elevation of the mountain range, and be more or less important, 
according to circumstances. 

Geologists are indebted to the Professors Rogers for observations 
on an extensive district in North America, one of about 195,000 
square miles, which have led them to point out an arrangement of 
the bends and foldings of disturbed rocks in accordance with the 


♦ Respecting the folding of beds by vertical and lateral pressure, Sir James Hall, 
as long since as 1813 (Transactions of the Royal Society of Edinburgh, vol. vii., p. 86), 
showed that this could easily be imitated artificially by taking various pieces of cloth, 
placing them horizontally on some table, c (fig. 262), pressing them downwards by a 

Fig. 262. 
a 



weight, a, acting parallel to the plane of the table beneath, and by applying force 
laterally, 6, h. In experiments of this kind, it is not, however, necessary to have the 
top weight, a, since if the cloth be in proper quantity, its gravity alone will be suffi- 
cient to produce the contortions, and a more exact resemblance to nature be obtained. 
By moving only one side, or both, as thought desirable, a very iutereiting illustra- 
tion of the contortions of beds may thus be easily seen. 

2 T 2 
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distance from the application of force. A careful examination of 
the Appalachian zone, as they term that region, showed that it is 
marked by five great belts, which, when crossed from south-east to 
the north-west, exhibit the greater flexures in the first belt, or that on 
the south-east of the Blue Ridge or Green Mountain Chain. The 
component beds of the belt are doubled into enormous, closely com- 
pressed alternate folds, dipping almost exclusively to the south- 
east at angles varying from 45° to 70°. In the third belt, the beds 
are less compressed, the northern side of each anticlinal curve* 
approaching nearly to verlicality. In the fourth belt, that of the 
central Appalachians of Pennsylvania, Virginia, and Tenessee, the 
convex and concave flexures progressively expand, the steepness of 
the north-west side of each anticlinal gradually diminishing. In 
the fifth belt, that of the coal region of the Alleghany and Cumber- 
land Mountains, the curves dilate, and subside into broad sym- 
metrical undulations with gentle dips. The folds and undulations 
of the beds occur in groups, the several axes being very nearly 
parallel and similar in the character of flexures, many of the larger 
anticlinals having a length of 80 or 100 miles.f With respect to 
dislocations of these beds, two systems are noticed, one of short 
fractures nearly perpendicular to the direction of the anticlinals, the 
other ranging with them, and often of considerable amount. The 
longitudinal dislocations (and some in Virginia have a length ex- 
ceeding 100 miles) are inferred to be broken flexures, the fracture 
almost invariably occurring on the north-western or inverted sides 
of the anticlinals, and having a moderately steep south-eastern dip. 
Some of these great fractures have thrown the portions of once 
eontinuous beds not less than 8,000 feet asunder, measured perpen- 
dicularly to the surfaces of the strata. After an examination of the 
disturbed rocks of the Alps, Jura, and of the district of the more 
ancient fossiliferous rocks of the Rhine, Professor H. Rogers con- 


* In a vertical section of rocks, of which the following line 6, c (fig. 263) repre- 


Fig. 263. 



Bents the bends from pressure, a, a, a, would be the anticlinal, and «, j», the synclinal 

curves. 

t As regards the distances of the contiguous great folds, they are stated to be 
less than one mile in the south-eastern belt, in the central belt between one and two 
miles, and in the north-western belt the flexures have an amplitude of from five to ten 
miles. 
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siders that in these localities also the like flexures and plications 
are observable.* 

To produce a system of flexures and plications, such as that 
described by the Professors Rogers as occurring in North America, 
would not only seem to require great lateral pressure, but also a 
somewhat uniform and general yielding of the various beds moved 
during the whole time that the needful action was prolonged. Had 
there been large volumes of intermingled or deep-seated masses of 
igneous rocks, offering different resistances to the force employed, 
much modifications in the resulting flexures and plications would 
be expected, the softer and less-consolidated beds being even occa- 
sionally squeezed over the large masses of the hard igneous rocks. 
Thus it might happen that when such igneous rocks were in 
abundance, many masses being deep-seated, the results of an appli- 
cation of force along an extended line of action would be so 
modified as to offer considerable difficulty in tracing the various 
flexures and plications to such line. In all cases, as well that of 
the great Appalachian zone, as in the masses piled up to more 
marked heights, such as in the Alps and Himalaya, a shortening 
of the space previously occupied by the component beds appears 
required (fig. 260, p. 642). 

Whether the observer be engaged upon the examination of flex- 
ures or plications amid ranges of mountains or less highly-elevated 
portions of country, it is very desirable not only that he should 
duly appreciate the amount of the folding and bending of* the 
accumulations disturbed, but also the real outline of the districts. 
Without a proper reference to this outline, the most exaggeirated 
views may be entertained of the importance of heights and depres- 
sions, especially of mountainous regions, relatively to their dis- 

♦ Upon examining the Devonian rocks of thv Rhine, Prof. H. Rogers inferred, 
that the entire region composed of these and the carboniferous series exhibits the 
effects of the laws of flexure and plication fouml in the Appalachians, and he points 
to a section from south-east to north-west, eittier tlirough the Taunus to Westphalia, 
or by the Rhine from Bingen to Remagen, or from the Jluudsruck to the coal region 
of Liege, as show ing an almost universal south-eastern dip, resulting from the close 
oblique folds with steep or inverted dips to the north-west of each large anticlinal. 
He further remarks, that on approaching the northern sitle of the district the flexures 
become progressively more open, and that the inequality in the dip of the sides of the 
anticlinals diminishes, so that in this case also the force would appear to have been 
applied on the south-east. In the Jura, the Professor considers the anticlinals to have 
one side of the arch more incurved than the other, but not inverted, and that while 
the ridges are higher next the great plain of Switzerland, all the individual flexures 
are steepest towards the Alps. In the Alps, he infers the axis-planes to dip inw ards 
from both flanks towards the central portion, so that the masses are folded in opposite 
directions ; tlie plications of the Bernese Oberland dipping south, those of the cliaia 
of the St. Gothard and the Simplon towards the north. 



64 « 


PROPOBTIONA.L SECTION OF THE ALPS. [Ch. XXXUI. 


Fig. 264. 
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tances ; an exaggeration very detrimental to a just appre- 
ciation of the relative mass of such mountains as compared 
with the less elevated and more moderately marked fea- 
tures of countries amid which they may occur. The 
accompanying section (fig. 264) may serve to show the 
relative importance of the elevation and mass of the Alps, 
from the Jura to the central ridge, in a line traversing the 
lake of Geneva and the summit of Mont Blanc, the scale 
being the same for heights and distances.* In this section 
y represents the Jura; the lake of Geneva; v, the 
Voirons ; m, the Mole; a, the Aiguille de Varens; 6, the 
Breven ; MB, the Mont Blanc, and c, the Crament. 

In certain regions where the diminution of an area, once 
occupied by a given series of beds, spread out horizontally, 
is eflFected by flexures and plications, these deposits 
even crumpled in various planes, and where also larger 
flexures may still be traced amid the complicated adjust- 
ment of particular portions, considerable masses of igneous 
rocks, often granitic, may be detected. The chance of 
some of these masses having risen in a molten state when 
they could move upwards from the required pressure 
upon them, has been already noticed. While the ex- 
posure of certain of them may have resulted from the 
removal of mineral matter by denudation (p. 574), 
others again appear more to have occupied some space 
against or between folded and contorted beds, into which 
they could freely enter in a viscous or pasty state. The 
Professors Eogcrs have pointed out that the mere injec- 
tion of liquid and molten matter could scarcely produce 
the effects observed in the disturbed beds adjoining them, 
when such matter is considered to form a portion of a 
general mass of the same kind beneath. Whatever the 
cause of such juxtapositions of masses of igneous matter, they 
have to be properly considered, and it is always desirable 
to compare the space occupied by them with that lost by 
the folding and plication of the beds disturbed, so that the 
resemblance or difference may be apparent.-f- Under any 
hypothesis, the sliding of no inconsiderable portion of 


^ Reduced from the section by the Author, inserted in Sections and 

Views illustrative of Geological Phenomena.*’ 1830. 
t With regard to large and wide-spread masses of granite amid disturbed dctrital 
beds, it may be desirable to bear in mind, that, like volcanic matter of the present 
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mineral matter on the earth’s surface seems required, and duly 
to appreciate its amount, it becomes needful to bear in mind the 
probable proportion of the ori^nal depth of the strata moved to 
the breadth of the surface acted upon. If, for example (some of 
the faults observed where plications in the Appalachian zone 
have snapped, being, according to the Professors Eogers, 8,000 
feet), we take two miles of thickness for the beds moved, 150 
miles for their present breadth, measured across their range, and 
allow one fifth more for their breadth in their prior extended 
form, the proportion of the thickness to the breadth of the mass 
disturbed, and more or less slid over some fitting surface beneath, 
would be about 1 : 90. 

Of flexures and plications of beds, the fossiliferous rocks of 
Europe in many localities afford excellent examples, and of various 
geological dates. In the British Islands there are abundant oppor- 
tunities for their study, as well on the minor as the larger scale. 
Some of those in Wales and parts of Ireland are well worthy of 
attention, not only for the folding of igneous products of various 
kinds amid the ordinary detrital deposits with which they are 
associated, but also for the apparent adjustment of more yielding 
to more resisting rocks to each other when exposed to lateral 
pressure. Some of the contortions of the coal measures of South 
Wales are of a very illustrative kind. As an example, the follow- 
ing section near Tenby (fig. 265) may be noticed, as the lowest 


Fig. 265. 



part of the rocks shown near that town arc tilted over, so as to 
have the false appearance of having been deposited after those 
which they really support; the mountain limestone series, a, 
appearing to repose at Tenby, r, (from the part of the curve there 
visible,) upon the coal measures ; d c?, being the level of the sea. 
Certain lower beds of this limestone series are brought up, by a 
bend of the strata, at b, c, c, e, represent various shales and sand- 
stones of the coal measures. There are dislocations, or faults, at/«, 
and w V is Waterwinch, on the northward of Tenby. A still more 
considerable apparent inversion, from the same reason, is to be seen 


time, these may themselves be reheated in part after consolidation in their higher 
portions, and after the first uplifting, when fissures formed in the prior deposits were 
even filled with the then molten rock, so that, pressure continuing, these resoftened 
portions could be squeezed up like the beds of the prior-formod deposits, still further 
thrusting the latter on one side. 



648 CONTORTION OF THE COMPONENT PARTS OF BEDS. [Ch. XXXIII. 


on the shores of part of Milford Haven (Langum Ferry), at a few 
miles westward from Tenby, where old red sandstone rests inclined 
on mountain or carboniferous limestone, and this again upon the 
coal measures.* 

In movements of this kind, even disturbances in the arrangement 
of the component parts of the beds themselves would be expected 
according to their relative positions, and that of such component 
parts. Thus, with an interstratification of sand and mud, slightly, 
if at all, consolidated, if a squeezing lateral motion be applied to 
these beds collectively, they would yield relatively to their 
respective resistances. Of this class the minor contortion of the 
component parts of some sandstones interstratified with shale beds, 
of the older fossiliferous rocks at Bewly Bay, Waterford Harbour, 
as shown in the accompanying section (fig. 266), may be taken as 


Fig. 266. 


an example. The minor portion of the 
sandstone beds, a, a, a, a, are there seen 
contorted, as in disturbed masses of rock 
on the large scale, while the shale 5, 5, 5, 
(formerly mud) has slid and adjusted 
itself in a less marked manner, though 
its particles may have been also moved. 
The sliding of more consolidated over less hard beds the ob- 
server will often find well shown, as also the marks of friction 
produced upon the adjustment of such consolidated beds as 
could move upon or against each other, the striation being 



Fig. 267. 


often beautifully exhibited.f Pressure 
movements of this kind may be well 
seen in Pembrokeshire among the coal 
measures, some coal beds having so given 
way before the general force, that their 
component parts have been squeezed, in 
the manner represented (fig. 267), into 
the outer portion of the flexures, a, a, while the roofs and bases 
of the coal beds are brought into contact between them. 



^ W4th respect to such inversions, as they are sufficiently common amid series of 
beds bearing the same geological names, their occurrence in a sequence of accumula- 
tions is merely the same thing made to appear somewhat more important irom different 
names being assigned to different parts of the accumulations moved. 

t In the so-much-visited Alum Bay, in the Isle of Wight, where various tertiary 
beds are turned up vertically, the squeezing of parts of the clays against each other 
is well exhibited. This is particularly well seen in the white pipe-clay bed, contain- 
ing fossil plants. 
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Not only has the geologist to direct his attention to the fractures 
effected by the snapping of plications, when the rocks acted upon 
have been incapable of further flexure, as a mass or in part ; but 
also to numerous lines of fracture, sometimes of considerable length, 
which traverse beds and masses of rocks, where violent squeeze 
ing into great plications and flexures has not occurred. For such 
lines of fracture, the mining fault has now been adopted.* 
Sometimes, when even of considerable length, they are accom- 
panied by very minor dislocations, the sides of the fractures nearly 
corresponding ; at others, the fracture has resulted in a separation 
of the beds, perpendicular to their surfaces, of several thousand 
feet, and yet the fmeture not be on the bemd of a plication. Being 
of importance in mining districts, and mineral veins being com- 
monly the filling up of spaces consequent on them, the range of 
these fractures becomes better known in such districts than they 
would otherwise be ; at the same time, however, in numerous other 
districts, where beds of marked and dissimilar mineral structure 
occur, they may be readily traced.*!* 

The range of these fractures and the relative time of their pro- 


♦ A term derived from the miners, chiefly those working coal, who, when these 
dislocations are met with, often find themselves at faulty the amount of the dislocation 
produced not being always clear. They are also known as troubles by the miners. 

t The geologist will find faults traced with great care in many of the maps of the 
Geological Survey of the United Kingdom, as, for e.\ample, in Sheets 36, 37, 41, 42, 
55, 56, 61, 74, and 79 of the Great Britain series. 
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duction have of late occupied much attention. Their mode of 
occurrence has especially engaged the attention of Mr. Hopkins, 
who has investigated the conditions under which directions would 
be taken by fissures, either formed at the same time, or at periods 
subsequently to each other, seeing if the anticlinal lines and other 
disturbances and dislocations of rocks may not be referable to some 
widely-diffused action of some simple cause, general in its nature 
with respect to every part of the globe, and general in its action, 
at least with respect to the whole of each district, throughout which 
the phenomena are observed to approximate, without interruption, 
to the same geometric laws.”* Mr. Hopkins commences, as to the 
action of an elevating force, with as simple an hypothesis as he 
conceives the subject will admit. “ I assume this force,” he 
observes, to act under portions of the earth’s crust of considerable 
extent at any assignable depth, either with uniform intensity at 
every point, or in some cases with a somewhat greater intensity at 
particular points ; as, for instance, at points along the line of 
maximum elevation of an elevated range, or at other points where 
the actual phenomena seem to indicate a more than ordinary 
energy of this subterranean action. I suppose this elevatory force, 
whatever may be its origin, to act upon the lower surface of the 
uplifted mass, through the medium of some fluid which may be 
conceived to be an elastic vapour, or in other cases a mass of 
matter in a state of fusion from heat.”"!* 


♦ Hopkins, Researches in Ph3’8ical Geology ; Transactions of the Cambridge Philo- 
sophical Society, vol. vi., part i. 

t “ The first effect of our elevatory force,” continues Mr. Hopkins, “ will, of course, 
be to raise the mass under which it acts, and to place it in a state of cxtmttion, and, 
consequently, of teruion. The increase of intensity in the elevatory force might be 
BO rapid as to give it the character of an impulsive force, in which case it would be 
impossible to calculate the dislocating effects of it.” He, therefore, always assumes 
“ this intensity, and that of the consequent tensions to increase continuously^ till the 
tension becomes sufficient to rupture the mass, thus producing fissures and disloca- 
tions,” the nature and position of which are his first objects of investigation. Tliese 
will,” he proceeds, “ depend partly on the elevatory force, and partly on the resistance 
opposed to its action by the cohesive power of the moss. Our hyptitheses respecting 
the constitution of the elevated mass are by no means restricted to that of perfect 
homogeneity; on the contrary, it will be seen that its cohesive power may vary in 
general, according to any continuous law, and, moreover, that this power, in descend- 
ing along any vertical line, may vary according to any discontinuous law, so that the 
truth of our general results will be independent, for example. Of any want of cohesion 
between contiguous horizontal beds of a stratified portion of the mass. Vertical, or 
nearly vertical, planes, however, along which the cohesion is much less than in the 
mass immediately on either side of them, may produce considerable modifications in 
tlie phenomena resulting from the action of an elevatory force. The existence of 
joints, for instance, or planes of cleavage in the elevated mass, supposing the regularly- 
jointed or slaty structure to prevail in it previous to its elevation, might affect in a 
most important degree the character <if these phenomena.” 
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After investigating the action of the elevatory force supposed 
upon a thin lamina, and the direction of the fissures according to 
various conditions, parallel upon the single application of that 
force, Mr. Hopkins in applying his researches* to a mass of three 
dimensions, deduces, among other important conclusions, that, “ if* 
the mass be subjected to two systems of parallel tensions of which 
the directions are perpendicular to each other, two systems of 
parallel fissures may be produced, of which the directions will be 
perpendicular to each other.” “ No two systems of parallel fis- 
sures,” he infers, could be thus formed, of which the directions 
should not be perpendicular to each other.” “If the fissures in 
either of these systems be near to each other, they could not have 
been formed by such tensions as we have been considering, in 
succession. They must have been formed simultaneously in each 
system. One system, however, might be formed at any time sub- 
sequently to the other.” The modifications produced by different 
conditions are pointed out, and Mr. Hopkins remarks upon the 
sense in which the term parallelism, in these investigations, should 
be regarded. He observes that, “ if the size of the mass be com- 
paratively small, and its boundary irregular, this property would 
altogether cease to characterise the phenomena.”t 

Reflecting upon the modes of accumulation, as well of igneous as 
of aqueous deposits, and upon their variable admixture in different 
localities and at different times, the observer will be led to infer 
that homogeneity of structure in considerable masses of the mineral 
matter distributed over the earth’s surface would not very frequently 
be found. Bearing this in mind, as also tliat in the active volcanic 
districts of the world there is evidence of the varied intensity of 
igneous action somewhat irregularly distributed beneath a certain 


♦ As it is out of place in a work of this kind to enter sufficiently into the investi- 
gations of Mr. Hopkins, further than to show their general bearing, we would refer 
for the mode of investigation, and the manner in w hich the varied results are pro- 
gressively developed, to the Memoirs themselves, as given in the Cambridge Philo- 
sophical Transactions, where the observer will find the subject fully treated. 

f Mr. Hopkins remarks, that “ if we suppose the suiierficies of our elevated mass to 
be of finite length, and to be bounded, for instance, by a line approximating to the 
form of an elongated ellipse, the direction of the fissures in the transverse system, as 
we approach towards either extremity of the elevated range, will gradually change 
from perpendicularity with the major axis (the axis of elevation) till they become 
parallel to it at the extremities of the ellipse, always preserving their approximate 
coincidence with the directions of the lines of greatest inclination of the general 
surface of the mass. The fissures of the other system will be approximately perpen- 
dicular to these lines. In this case, then, the two systems will be no longer charac- 
terised by any constant relations which their directions bear to that of the axis of 
elevation, and, therefore, the terms longitudinal and transverse will cease to designate 
them so correctly as in other cases.” 
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amount of the earth’s crust, interferences with fractures of the 
regular kind above mentioned will probably suggest themselves. 
Nevertheless, it is highly desirable that he should endeavour to 
classify the fractures found so commonly in various parts of* the 
world with reference to views on the large scale, so that he may 
look beyond the details of some given locality, and endeavour to 
arrive at general conclusions as to the cause of any faults and dis- 
turbances of deposits in it by following out their directions, differ- 
ences of date, and such other circumstances as the conditions under 
which they are presented to his attention may permit. 

The directions of fractures, if even merely those without that 
movement of either of their sides which should cause them to be 
faults, having been carefully noted, the relative geological dates of 
their production may not always be so easy to ascertain. It is 
found that, in certain districts, we may have several of different 
geological dates, and yet the whole be uncovered by any deposits 
of which the relative time of acccumulation may be ascertained, so 
that the probable date of the whole or some of these faults and 
fissures may remain uncertain. Unfortunately, this uncertainty too 
often prevails. At the same time, careful observation will some- 
times enable the geologist to obtain somewhat fair evidence of the 
relative dates of these fractures, and from such evidence probable 
inferences as to those of others may be occasionally drawn. For 
example, there is evidence of north and south fractures having 
traversed the old red sandstone, mountain limestone, and coal 
measures of Somersetshire, anterior to the accumulation of the new 
red sandstone series of that district, and posterior to the bending 
and contortion of the former rocks, the faults traversing these 
contortions even at right angles, and the older rocks having been 
worn down after the fractures, the lowest beds of the new red sand- 
stone series of that country reposing tranquilly upon the faulted 
and abraded older rocks. We may refer, in further illustration of 
this circumstance, to the geological map of the Mendip Hills, pre- 
viously given (fig. 167, p. 478), where faults, r, r, r, r, somewhat 
parallel to each other, and having a north and south direction, cut 
through old red sandstone (1), carboniferous limestone (2), and coal 
measures (3), so that, from an irregular curve of these beds having 
been traversed, scarcely any horizontal movement in the present 
denuded exposure of* this part of the Mendip Hills is seen on the 
north, while there appears a considerable shift on the south. These 
faults are observed, as far as the surface is concerned, to stop at the 
lias (6) and new red sandstone (5) on the north, and the only one 
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traced completely across to terminate at the inferior oolite (7) on 
the south. This apparent and superficial termination of the faults, 
arises from their having been formed anterior to the deposits of the 
inferior oolite, lias, and new red sandstone. The chief fault is well 
known to traverse the coal mines beneath a continuation of these 
rocks, on its range northward, and is ascertained to be covered over 
horizontally by them all N. W. from Eadstock. Thus, in this case, 
the date of these faults would be alter the disturbance, and the 
flexure of the coal measures in that district, and anterior to the 
accumulation of the new red sandstone series (including its dolo- 
mitic conglomerate) in the same district. Hence other faults in the 
vicinity having the same range might be inferred to have been 
contemporaneously produced with them, the more especially as at 
Wick Eocks, five miles from Bath, there is also evidence of faults 
traversing the coal measures, these having been subsequently and 
quietly covered by beds of the new red sandstone series. That all 
the faults traversing any denuded or uncovered portion of the older 
rocks of the same district, were of the same relative date, is shown 
not to be probable by finding some traversing the higher deposits 
themselves, both on the north and south of the Mendip Hills, the 
chief of these taking an east and west direction, so that, fortunately, 
in this limited district, an observer may learn the value of caution, 
as to the relative date" of faults.* 

As to the exposure of faults, and inferences as to the dislocation 
of one series by others, much caution is also often needed. For 
example, it does not follow, as in the subjoined plan (fig. 268), 

Fig. 268. 



that the fissure a 5, is posterior to anothei*, e c?, and has shifted it 
at e, because the one line is continuous and the other not, since 

* As regards these subsequent faults, which have commonly an east and west 
direction, they are seen to have traversed deposits up to the chalk inclusive. A very 
considerable fault of the latter kind {see Sheets 18 and 19 of the Geological Survey of 
Great Britain) brings chalk into contact with the bed known as the Kimmeridge 
Clay, one of the oolitic series, at Mere, Wilts. Thus, in this district, there is evidence 
of an oast and west disturbance between the deposit of the coal measures and that of 
the new red sandstone series, and of another posterior to the deposit and consolidation 
of the chalk. 
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such fractures, under fitting conditions, may have been contem- 
poraneous portions of some far larger dislocation, of which these are 
only minor parts, with adjustments due to minor conditions. Such 
apparent shifting of one fissure by another is of the same kind as 
those small complicated fractures close to, or forming parts of, the 
fissures or faults themselves, and of which the following (fig. 269) 
is an example, from St. Agnes, Cornwall ; small contemporaneous 
fixtures in slate having been filled by peroxide of tin, and so 
that an apparent heave or shift took place at h h. When such 
appearances present themselves, it is needful to ascertain that any 
mineral matter, filling a fissure c d (fig. 268), has been dislocated 
and traversed by the fissure a b. 


Fig. 269. 



Evidence of the kind of dislocation mentioned is often to be 
found, so that no doubt remains of one fissure or set of fissures 
having been first formed, and also altogether or partially filled, 
prior to the production of another or others. Mining districts 
often present abundant opportunities for investigations of this 
kind. As an example, we may notice a well-known district near 
Eedruth, Cornwall, where, as represented beneath (fig. 270), 
granite, g, slates, s, elvan dykes, e, e, e, and lodes or mineral 


Fig. 270. 



veins, Z, i, Z, are all cut through and dislocated by a fault a b, one 
of the great cross courses^ as they are termed, of that country, 
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having northerly and southerly ranges. This plan is also useful 
in showing the range of the fissures, e, 6, filled with the granitic 
matter (elvan) introduced after the production of the granitic 
masses, g (p. 565), and the coincidence in range of parts of the 
fissures, ?, Z, of the country, containing copper and tin ores, and 
subsequently formed, since they traverse these elvans in the ver- 
tical section downwards. 

With respect to sections in any planes, the horizontal, for ex- 
ample, in countries complicated by the occurrence of different 
rocks, variably situated as respects each other, or by fissures rang- 
ing differently and filled more or less with mineral substances of 
various kinds, even by mineral matter which has been raised in 
them in a molten state, some care is needed, so that an observer 
may properly appreciate the relative position of the parts of the 
general solid rock broken, shifted, and, as it were, rubbed down to 
some given plane. Let, for illustration, the following section 
(fig. 271) represent one of such a district as that of Cornwall, a b, 

Fig. 271. 


I'r e' B I'l'e' 



being the surface of the country, e e, elvan dykes, and Z, Z, Z, lodes 
or mineral veins. Let this country be now dislocated in a plane 
perpendicular to the section, so that a /»' on the one side be lifted 
vertically above a 5 on the other. It will be seen that, on the 
level a by though the amount of vertical elevation has been com- 
mon to all the lodes and elvans, these now occupy, on the surface 
a by very different distances from each other, according to the 
portions of their various dips or underlies intersected on that sur- 
face after the movement mentioned. This will be still further 
illustrated by the subjoined plan (fig. 272), supposed to be taken 
on the level a by all above it, after the fault was effected, being 
considered as removed by denudation, as is commonly the case. 
As the letters and figures correspond on both the section and plan, 
it will be found that, while the lodes, Z 1, Z 2, and the elvan e 1, 
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are shifted to the right, on the side of the dislocation marked B, 
the lodes I 3 and I 4 are shifted to the left ; and that, in the latter 

Fig. 272. 

V\ V2 e'l B /'3/'4/'0 e2/'.*i 



part of the section and plan, a lode or branch from a lode V 0, 
appears on the side B, which was not at the surface on the side A, 
so that three lodes appear on the side B as continuations of the 
two lodes visible at the surface, on the side A. The elvan e 2, 
which was close to the lode I 4, on the side A, is apparently re- 
moved far from it on the side B, and moreover contains the lode 
Z 5 in the latter case, one which was far removed from it, on the 
surface, on the side A.* 

The evidence of a succession of fissures is often extremely in- 
teresting. While some clearly dislocate and shift the whole of a 
mass of rocks, with any prior-formed fissures included in them, 
others appear as mere fissures, with their walls slightly if at all 
moved from their former relative positions as continuous portions 
of the same mass of rocks. In the annexed plan (fig. 273), one of 

Fig. 273. 



Figures of this kind serve to illustrate the apparently contradictory facta some- 
times observable on the sides of dislocations, denuded down to a common level, where 
elvans, or other dykes, and faults, or mineral veins, dip at various angles in opposite 
directions. In the illustration given in the text, the motion has been supposed vertical. 
As such movements are frequently otherwise, when it is desired to see how, by the 
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tho mineral veins of the Charlestown, Pembroke, and Crinnis 
mines, St. Austell district, Cornwall, it will be seen that the granite 
boundary, g g, well as the lodes I Z, are shifted by the fault or 
cross course ab ; (the same circumstance attending the fault, c d, 
though not shown on plan ;) while another, and subsequent fissure, 
e /, traverses the whole without shifting it. 

Fissures are often found to split at their ends after no very con- 
siderable course, when regarded in their horizontal range. Of 
mineral veins so divided at their extremities, when viewed hori- 
zontally, the following plan (fig. 274) of the Wlical Fortune range 


Fig, 274. 



of mines, Breague district, Cornwall, may be taken as a good ex- 
ample. The main lode is there seen to be split on both the east 
and west after a range, as a marked fissure, for about a mile and a 
quarter (the plan is or a scale of one inch to the mile). The lodes, 
m, are those of Wheal Friendship mine, and, if prolonged, would 
also fall into the main vein of the Wheal Fortune mines. These 
various lodes traverse elvan dykes, e, e, or courses, as they a/e 
termed in Cornwall, and arc cut by faults or cross courses, d, d, 
subsequently produced. It should be remarked, with reference to 
beds or other arrangements of rocks of variable toughness, tra- 
versed by fissures, that occasionally some care is needed not to be 
misled by minor appearances, for the fissures taking lines of least 
resistance may so run against or along harder beds, or dykes of 
mineral matter, as to lead to false impressions. Thus, in the an- 
nexed section or plan (it is immaterial whicli it may be considered), 
a fissure being opened from d towards e, an<l encountering an elvan 


use of such sections, explanations of apparently complicated phenomena may be 
afforded, it becomes necessary not only to have the sections strictly accurate and 
pro])ortional in all their details, but also to make the movement correspond \^iih 
that found among the rocks themselves. If an observer will paint on two pieces of 
Hat glass, a variety of sections of this kind, the same on both pieces, so that when 
held together they appear as one, and slide the glasses on their flat surfaces, a variety 
of interesting circumstances will be made apparent as to the consequences of fault 
movements in different directions; the surfaces of ground being supposed, as in 
nature, to be denuded down to some common levels. 

2 u 
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dyke a J, might have resistances to the force employed so ad 
justed that it only traversed the latter at passing up the wall o 

Fig. 275. 



the clvan dyke for some distance, thence taking its course or 
wards to the right in a parallel line c e. It might be infcrrcc 
and in somewhat similar cases has been inferred, that the clva 
filled a fissure, a 6, produced subsequently to that noticed, d c 
the opening against the clvan on the side c being very slight, eve 
forming a mere slide along the old plane of the fissure a i. TI 
reverse would, in such a case, be the fact. Circumstances of 
similar kind have sometimes occurred as respects the intermixtui 
of an igneous rock (locally known as toadstone) (p. 559), and tl 
limestone associated with it in Derbyshire, as will be hereafti 
noticed. Caution, therefore, on this head, is occasionally mo 
needed, than at first sight might appear probable. 

With respect to arrangements of the parts of a faulted countr 
and it is important to bear in mind how very extensively fan] 
often prevail in otherwise undisturbed districts, their occurren 
on the surface of land is sometimes such as to remind the geol 
gist of inlaid marble work, curiously fitted together, and, as 
were, polished down to some given plane. The observer will fii 
a good example of a piece of natural inlaid work of this kind 
Pembrokeshire, where the coal measures of Nolton and Wo 
appear as if inlaid among faults on the north, east, and soutl 


♦ See Maps of the Geological Survey of Great Britain, Sheet 40. On the sout 
considerable fault throws the coal measures against lower Silurian rocks, on 
north another brings them in contact with Cambrian rocks ; both one and the ot 
class of deposits being at the same time overlapped by them, so that it becoi 
needful to have a clear view of the amount of the overlaps as well as of the mod 
occurrence due alone to the faults. The following section (fig. 276), north of N ewj 



a c a f h h 

Sands, N, will show the manner in which the coal measures, />, are brought 
contact with purjde and grey sandstones, of the Cambrian series, a, a, by the fi 
f hf c 18 0 . dyke oi igneous rock filling a fissure traversing the latter beds. 



Ch. XXXIV.] MINERAL VEINS AND FAULTS IN S.W. ENGLAND. 659 

As to the smoothing off of countries traversed by faults, these 
often considerable, so many regions present evidence of it that 
probably there are few portions of the earth’s surface, even when 
offering scarcely any bending or contortion, which are not more or 
less cracked and broken in some form. It has been seen (p. 425) 
that in the earthquakes of the present day fissures are frequent, 
and there is every reason to suppose that such have occurred at 
all geological times. Whether faults arise from minor adjustments 
of the earth’s crust, (the bending, contortion, and squeezing of 
various accumulations being regarded as more considerable con- 
sequences of those adjustments,) or from other causes, together with 
the greater plications and flexures, they show a broken and dislo- 
cated condition of that crust which it requires the geologist most 
carefully to bear in mind, when endeavouring to trace the facts he 
may observe in connexion with deposits, and their subsequent 
movements, to their sources. 

As illustrative of the modes of occurrence of fissures and faults 
in mining districts, which usually afford, as above remarked, such 
good opportunities for their study, the following plans may be 
found useful. The first plan (fig. 277) represents a general view 


Fig. 277. 



of the fissures, whether coming under the heads of mineral veins 
or ordinary fissures and faults, in Cornwall, Devon, and West 
Somerset. On the cast, there is a tendency of nearly north and 
south faults to traverse others running cast and west, while, on the 
west, fissures usually ranging about N.N.W. and S.S.E., cross 
others which take a course from W.S.W. to E.N.E., or from E.S.E. 
to W.N.W. It will be observed that towards the great metal- 

2u2 
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liferous district of Cornwall, the lines c c c take a direction some- 
what parallel to the general range of land, which is that also of 
the granitic masses of the district. Other lines, d d d, are ob- 
served as of importance in three situations ( St. Austell, Marazion, 
and St. Just districts). The fissures and faults, c c c and d d d, 
contain the chief of the tin and copper ores of the district, while 
in the cross courses b b those of lead* and iron and some others 
are commonly found. The tin and copper veins or lodes, a a, near 
Tavistock, have a more east and west direction, the cross courses 
traversing them, b b, having a somewhat marked north and south 
range. The lines, both east and west, a a a, and north and south, 
b b b, on the east side of the plan, come under the heads of common 
faults ; one, however, of the east and west lines, a, near Exeter, 
being connected with parallel fractures holding mangancse.f 

With respect to the relative geological age of these fissures, there 
is evidence that those having an easterly and westerly direction on 
the west, e c c, and d d d, were formed anterior to those traversing 
them in a northerly and southerly direction, since the former are 
not only shifted by the latter, but their contents are also broken 
through by them. The east and west fissures, a a, near Exeter, 
on the west of Dartmoor, were produced after the deposit and 
consolidation of tlie new red sandstone of that district, since that 
series has been dislocated by them. Fissures with the same direc- 
tion, near Watchet, Somerset, a a, on the north-east corner of the 
plan, were produced after the deposit and consolidation of the lias. 
How far these latter may be contemporaneous with those con- 
taining tin and copper ores on either side of Dartmoor, and having 
the same direction, may not be clear, though they might be sup- 
posed to be so. Be this as it may, north and south faults have 
dislocated the chalk with other prior-formed deposits (of the oolitic 
scries) near Lyme Regis, Chard, and Membury {h b on the south- 


* The lead of Cornwall and Devon is not confined to the north and south fissures, 
though in certain districts it occurs in a somewhat marked manner in them. 

t The following section illustrates these faults, one of which, /, can be traced for 
10 miles from Poltimorc, on the east, to Venny Tedborn, near Posbury Hill, on the 


SliuU‘hays. 



Fig. 278. 


Kcutoii St. Cyres. 



f a m 


west ; a minor fault or vertical branch of the same fault, m, running parallel to it, 
and having afforded a large quantity of valuable oxide of manganese (at Huxham, 
Upton Pync, and Newton St. Cyres). a, a, are beds of the new red sandstone series 
of the district, brought into contact with the coal measure sandstones and shales, 6,^, 
of the same country, in which there is another, and apparently parallel fissure, /, con- 
taining sulphuret of lead. 
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east of the plan). Taking these last in connexion with the north 
and south faults of the Mendip Hill district, near at hand eastward 
(fig. 167, p. 478), there have been fissures formed in the same 
general directions, north and south, at two distinct periods in this 
part of south-western England, one anterior to the deposit of the 
new red sandstone, and posterior to the flexures and plications of 
the coal measures, and the other after the deposit and consolidation 
of the chalk. The movements of different dates in cast and west 
directions have already been noticed (p. 653).* 

The following plan (fig 279) of part of Glamorganshire exhibits 


« Fig. 279. a 



numerous parallel fractures traversing both mountain or carboni- 
ferous limestone and coal measures near Swansea ; the working of 
the coal measures affording the needful evidence of many faults 
which are not so easily traced in an accumulation of* such a gene- 

* We would refer for more ample detail on the mode of occurrence of the faults 
and lodes, or mineral veins, of Cornwall, Devon, West Somerset, and a part of Dorset- 
shire, to the Author’s Report on the Geology of that district, 18.99. 

As regards the range of cast and west faults in neighbouring parts of England, it 
may be desirable to call the attention of the observer to the considerable fractures 
having that direction near Bridport and We>mouth (see Maps of the Geological 
Survey, Sheets 17, 18, where they have been most carefully laid down by Mr. II. W. 
Bristow), traversing a variety of beds up to the chalk inclusive ; in the latter case, 
therefore, formed during some portion of the supracretaceous or tertiary period. In 
the Isle of Wight a great contortion, having an east and west direction, is seen to 
have occurred after the supracretaceous or tertiary rocks of that district had been 
accumulated. 
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ral mineral aspect as the carboniferous limestone of that locality. 
In this plan, aaa represent the lines of faults, A the coal measures, 
and L the carboniferous limestone, rising from beneath them ; s, is 
Swansea, M the Mumbles, and bc, Bristol Channel. In this case 
there is no evidence to mark the relative date of the fissures ; and, 
supposing them contemporaneous with those having the same 
directions on the opposite side of the Bristol Channel, they may 
have been of either of the dates previously noticed. It may not be 
improbable, however, that they were formed after the deposit of 
the lias, since somewhat more eastward, towards Cardiff, in the same 
general district, parallel faults dislocate the various accumulations 
up to that deposit inclusive.* 

With respect to the maimer in which portions of fractured 
masses are brought into contact in vertical sections by faults, the 
following sketch will serve to illustrate that of a simple kind, when 


Fig. 280. 



/ 


the amount of difference in the relative levels of the dislocated and 
once-continuous beds has been small, and the fissure nearly vertical, 
part of the bed a on the one side of the fault/, being separated 
from the portion a\ on the other. Faults are, as may be readily 
inferred, of all inclinations as regards the horizon, being sometimes 
sloping as beneath (fig. 281 ), so that to measure the amount of 

Fig. 281. 



• The observer is referred to various maps of the Geological Survey of the United 
Kingdom for numerous examples of faulto traversing diifercnt rocks. Great care 
has been taken to have them properly examined and laid down, so that they may 
eventually constitute a body of evidence, of an accurate kind, for a due consideration 
of the various dislocations which the rocks, in the area of the British Islands, may 
have suffered during the lapse of the geological time of which such rocks may be the 
records. 
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geological dislocation produced by one at//, the distance b d, ex- 
tending vertically from the plane of the same bed a (supposed hori- 
zontal) on the one side, and c on the other, has to be ascertained. 
In some districts faults are observed so to have occurred that 
several portions of country have been dropped down in one direc- 
tion, prolonging the surface appearance of some rocks beyond that 
which would otherwise have happened after the various denudations 
to which they might have been exposed ; portions being thus pre- 
served which would otherwise have been swept away. The following 
section (fig. 282) may be taken in illustration of this subject, as 


Fig. 282. 

Knighton. a a Bonholc Farm. Bristol Channel. 



a f b f h f h f h f a 


also of the vertical mode of occurrence of the faults near Watchet 
(a a, north-east corner of the plan, fig. 276), previously noticed. 
The deposits dislocated are lias a, and new red marl and sand- 
stone, b ; and it will be seen that parts of the lias have been preserved 
from denudation by being, as it were, dropped down by five faults, 
/, /,/, /, / (parallel to each other), into five sheltered depressions, 
succeeding each other in a southward direction. In this manner, 
valuable coal, in some coal districts, has been preserved from that 
removal by geological causes which it would otherwise have 
suffered. The amount of accumulations thus preserved, or the 
reverse, by systems of faults, is a subject which should engage the 
attention of the geologist as one of importance in investigations 
of this kind. The amount of various rocks so circumstanced is 
often very considerable. 

As might be expected, lines of faults f requently exhibit minor 
complication and even disturbance, showing a certain amount of 
lateral pressure during the adjustment of their sides after the action 
of the force producing the original fracture. The following section, 
easily seen,* of a fault on the coast of Glamorganshire, west of 



* Respecting illustrations of the various geological '»cnoineiia noticed, the Author 
has endeavoured in this work as much as possible to select such oculitios as may be 
easily visited. 
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Lavemock Point, will illustrate minor complications of fracture, 
and a bending of certain of the beds acted upon, m, m, m, being 
minor parts of the same dislocation which has traversed earthy do- 
lomitic limestone and marl a; varieties of dolomitic limestone, 
J, c, d, 6, and /; dolomitic conglomerate, g (all these of the new 
red sandstone series) ; and lias 1. The beds at h correspond with 
those on the left. While the fractures have merely broken the 
former deposits, the edges of the lias have been turned up, as if by a 
certain amount of lateral pressure. In some faults this turning up 
of a portion of the beds acted upon, occasions the observer to Sus- 
pect that, after the fracture, there has been some settlement from 
an upraised position (for the time), producing the needful friction, 
even for upturning the edges of beds on the under part of a fault, 
as shown at m on the right of the section (fig. 283). Usually the 
side relatively lowered is found raised at the edge in an inclined 
fault, the consequent friction turning up the end of the superior 
rock conformably with the movement. 

As a vertical section may only give the apparent movement of 
the parts of rocks fractured and faulted, it is desirable that the ob- 
server should search for the direction of any friction-marks attend- 
ing pressure of the rocks on one side against those on the other, in 
order to discover that in which the movement has really been 
effected. This investigation will sometimes lead him to find that^ 
though the general plane of a fault may dip in a given direction, 
the movement has not always corresponded with it. Some of 
these friction-marks bear evidence of the action of enormous 
pressure, more especially in those cases where the dislocation may, 
in its plane, amount to several thousand feet, and yet the rocks thus 
moved against each other, and once so far asunder, be now closely 
jammed together. The contents of dislocations, whether known as 
common faults or mineral veins, often present beautiful impressions 
of these friction-marks, parts of the walls of the fiuctures, after 
giuting against each other in their movement, having finally left 
cavities in which various mineral substances were accuimdated, 
taking the form of the surfaces against which their first deposit was 
effected. 
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The filling of fissures and other cavities with mineral matter 
may, to a certain extent, be considered as in part connected with 
the clianges and modifications of rocks above mentioned ; since from 
the filling of minor ca\lties and fissures, such as occur in or 
traverse small portions of an accumulation, whether of igneous 
or aqueous origin, much change or modification may arise in the 
containing rocks. The filling of cavities, such as those previously 
noticed in vesicular lava and molten matter of all geological times, 
converting a highly porous and often originally light substance into 
a very solid rock, effects a marked change of structure. * The infil- 
trations of the mineral substances into the cavities, in these cases, 
become important in the consideration of those which have filled 
various fissures and dislocations, as well as cavities of far greater 
size, since they seem to point to the solution of some substances, or 
of the elementary matter composing them, and to the power of 
such solutions to traverse the pores of rocks, even of those wliich 
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are considered very solid and compact, in a manner which, at first 
sight, might not be expected. Let the observer, for example, study 
certain of the nodules of the impure carbonate of iron, known as 
clay iromtones^ in many of the localities where they are obtained 
from the coal measures of the British Islands, opportunities for 
which are abundant in South Wales, Monmouthshire, Staffordshire, 
Derbyshire, and elsewhere. While in many of these nodules, the 
cracks, when they present themselves, as they often do, in the 
manner mentioned previously (fig. 227, p. 597), only contain more 
pure carbonate of iron or are entirely empty, at others they are 
incrusted or filled with such substances as copper pyrites, and the 
sulphurets of lead, zinc, nickel, and iron, with the occasional occur- 
rence of other minerals of a different class. In such cases the 
observer can have little doubt that the component parts of these 
substances have come, by infiltration from without, into the cracks 
of the nodules of impure carbonate of' iron, through their exterior 
pores, and through those and the laminae of the surrounding argil- 
laceous shales. He is therefore prepared to infer that these bodies, 
or their component parts were in a soluble state when they entered 
the cavities formed by the cracks in the nodules. 

When he examines the minerals which have, under certain con- 
ditions, replaced organic remains in various rocks, the geologist 
may still further be prepared to regard the matter of these and 
other compound substances as having been introduced in solution 
into cavities left by the decomposition and disappearance of mollusc 
shells, or other organic bodies. Copper pyrites has been found to 
replace the shells of spirifera^ at Doddington, Somersetshire* — 
sulphuret of lead various cavities left by the shells of molluscs in 
the lias near Merthyr Mawr, Glamorganshiret — and sulphate of 
baryta portions of corals in the mountain limestone of Cromfbrd, 
Derbyshire.^ Sulphuret of iron very frequently occupies the 
places of mollusc shells in many rocks, especially those wliich are 
argillaceous, even insinuating itself amid the matter of fossil bones, 
such as those of* saurians in the lias, and other deposits. Silica, as 


* In this locality there was a vein of copper. The ores raised were principally 
green and blue carbonates, and were first obtained in the new red sandstone con- 
glomerate of the locality above a vein in the Devonian rocks beneath. Homer, 
Trans. Geol. Soc. London, vol. iii., pp. 352 and 363. 

t The sulphuret of lead is much disseminated in this part of South Wales, and often 
in cavities. It occurs in the cracks of fossil wood in ^e lias near Dunraven Castle, 
ill the same manner that the sulphuret of iron is often seen in coal bods, and in fossil 
\^ood in numerous clays of diiferent geological dates. 

X This fact is interesting in connexion with the considerable quantity of sulphate 
of baryta found in the lead veins and otlier cavities of that part of Derbyshire. 
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might be expected ako, occupies the cavities left by shells, of 
which the chalcedonic replacements of the various shells of the 
greensand series at Blackdown, Devon and Somerset, are beautiful 
examples. Even the carbonate of lime of many fossil mollusc shells 
does not always appear to be that of the original, but to have been 
infiltrated into cavities left upon the disappearance of the matter of 
the actual shell, the particles of the carbonate of lime not being 
adjusted in the manner they usually are in shells of the same class 
by living animals, but as they would be upon simple infiltration 
and crystallization in any cavity. Again, in the crystals of felspars 
decomposed in the body of a rock, the original substance of the 
crystals removed, and replaced by peroxide of tin, even part of the 
original felspar crystal sometimes remaining, while the rest of its 
f()rm is replaced by the peroxide of tin, as in an elva/n at St. Agnes, 
Cornwall, the observer has another example of the inflow of 
mineral matter in solution into cavities and through the pores 
of the rock in which such cavities may be situated. In fact, 
looking at the subject generally, the various cavities in the rocks 
composing the crust of the earth, have a tendency to be filled by 
mineral matter, the component parts of which find their way to 
them in solution. 

Passing from these cavities to those produced by cracks, these of 
minor size, and confined either to one, two, or some small number, 
of beds of sedimentary deposits, or some very limited volume of an 
igneous accumulation, it would be expected that, as a whole, the 
matter infiltrated into such cracks would chiefly partake of the 
mineral character of the rocks so broken, so that the substances 
principally filling the cracks in limestones would be calcareous, 
while those amid siliceous rocks would be quartzose, as is usually 
the fact. From the prevalence, however, of particular conditions, 
quartz veins are occasionally found in limestones, and calcareous 
matter among the siliceous rocks. This usually occurs when the 
limestone beds form a very subordinate portion of a sandstone 
or argillaceous accumulation, chiefly composed of silicates, or when 
calcareous deposits predominate among those of other kinds ; as, 
for example, is the case with the igneous rr>cks of Derbyshire, 
where the vesicles and minor veins of* the latter are often filled 
with calcareous spar.* 


* The filling of cavities and small fissures in igneous rocks by carbonate of lime is 
not unfrequent, even when cal aroous rocks do not constitute any very large propor- 
tion of a general mass of mixed accumulations. Thus at Trecarrell Bridge, between 
Launceston and Tavistock, the highly-vcsicular rock of that locality, contempora- 
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Proceeding to examine the filling of cavities and fissures of 
larger dimensions, and such as, not confined to minor volumes of 
rocks, can be traced for considerable distances, and the depths of 
which are unknown, an observer will have not only to bear in 
mind the incrustations of the sides of such fissures by the sub- 
stances, which, passing amid the pores or small fissures of rocks on 
the minor scale, are ready to fill up or incrust any cavities pre- 
senting themselves, no matter of what kind or how formed, but 
also to consider the kind of substances, and their mode of action 
upon each other, which may be derived from various distances and 
sources. Viewing a considerable fissure, in its simple form, some- 
what vertically traversing various beds of* dissimilar rocks, as in 
the following section (fig. 284), a to/, each affording some different 


Fig. 284. 



or variously combined matter in solution, and confining his atten- 
tion, at first, to solutions, the geologist has a more complicated 
problem presented to his attention than the mere infiltration of 
mineral matter through the pores of rocks into small cavities and 
fissures in them. He has to regard not only the probable combina- 
tions and decompositions effected by a mixture of substances intro- 
duced into the fissure, but also the motion of the whole of the 
liquid in it, according to temperature. The fissure may either be 
one through which waters rise to the surface of land, and overflow 
it, thus discharging large Volumes of water conUiining mineral 
matter in solution of various amount and kind, or the liquid may 
merely rise to such a height in the fissure as to remain confined to 
it, and the portions of rocks adjacent, amid the pores and interstices 
of which it may also enter. According to temperature also will he 


ncously formed with the Devonian rocks amid which it occurs, is rendered solid by 
the infiltration of carbonate of lime from adjacent calcareous beds of no great purity 
or importance. The ready solubility of the carbonate of lime, when sufficient free 
carbonic acid is present, has occasioned the passage of the former substance from the 
calcareous beds into the vesicles of the igneous and juxtaposed rock, and its de^Kisit 
there, when unless decomposed and again removed, it would prevent the deiwsit of 
other substances passing in solution through tlie pores of the rock. 
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have to bear in mind the solubility or deposit of the matter generally 
in the liquid, permitting some of it to remain in solution while 
other parts were deposited, coating the walls of the fissures. 

The observer will thus have to consider the probability of certain 
of the fissures extending to depths where the temperature may 
become very elevated, even to those depths where water, notwith- 
standing the great pressure, might be converted into steam, and 
numerous substances be vaporized. There is much to be accom- 
plished with respect to our knowledge of‘ the effects which would 
be produced under the conditions supposed. We may expect 
water to exist under pressure as such up to very high temperatures, 
and its power of dissolving various substances in that state to be so 
increased, that many viewed as insoluble at those temperatures at 
whicli experiments have been undertaken would become readily 
soluble. 

The experiments of M. Gustav Bischoff on this subject are 
highly valuable. Impressed with the importance of the agency 
of steam in volcanic productions, and viewing the connexion of 
such agency and many substances found in mineral veins, he found 
that wlien galena (sulphuret of lead) was gently heated in a porce- 
lain or glass tube, and steam driven over it, tliat sulphuretted 
hydrogen and sulphurous acid were evolved, and the ore reduced, 
and that if the lead thus obtained were wetted with distilled water, 
it was covered by the carbonate of lead. He remarks that some 
substances not known to us as evaporating at any temperature, are 
carried off by steam, as, for example, silica. Artificial sulphuret 
of silver was found to be very readily decomposed by steam, and 
more easily so at a moderate heat. At a temperature under the 
melting point of zinc, this was soon effected, and the silver efflor- 
esced in such forms as to induce M. Gustav Bischoff to regard the 
moss-like and filamentous occurrence of‘ native silver in veins as 
very probably the result of the decomposition of the sulphurets. 
With respect to sulphate of baryta, usually termed insoluble, and 
yet so frequent in the veins of some districts, and in a manner to 
leave little doubt that it has been deposited from a solution, he 
found, by experiment, that when heated water, containing car- 
bonate of soda or potash, came into contact with it (even when the 
temperature was not much elevated, and the water was only slightly 
charged with those substances), a partial decomposition took place, 
and that when the temperature was again lowered, a readjustment 
was effected, sulphate of baryta being again produced, and the 
carbonic acid, with which it was previously united, returning to 
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the soda or potash. In this manner, M. Bischoff remarks, baryta 
may be separated from sulphuric acid in the lower part of a vein, 
where it could be exposed to the needful heat in waters containing 
the carbonates of soda or potash, and be removed to a cooler part 
of the vein, and be there deposited, again united with sulphuric 
acid.* Such decompositions and recompositions are evidently 
most important in explanation of the often complex contents 
of veins. 

When we know that certain fissures in the earth's surface result 
from dislocations so great that beds of rock, once continuous, are 
thrown even several thousand feet distant from each other in the 
planes of the fissures, and vertically to the stratification, the depth 
to which some of these fissures must extend can scarcely have been 
otherwise than sufficiently considerable to afford conditions of an 
important kind, as respects the heating of water in them, and the 
consequent solubility of various substances not readily acted upon 
by water at more moderate temperatures, even to the solution of 
some forming parts of the rocks fissured. 

The experiments of Professor Eorchhammer have shown, though 
potash felspar, one so frequent among granites and felspar por- 
phyries, may be exposed to the action of boiling water, under tlic 
ordinary pressure of the atmosphere, without obtaining the potash 
from it, that when that pressure is considerably increased, and the 
temperature augmented, tliis substance is obtained in solution. 

As regards fissures, and heat at their greater depths sufficiently 
considerable to convert water into steam, even under great pressure, 
it may occur to the observer that, after these fissures were pro- 
duced, many solutions percolating through the pores, or amid the 
beds and joints of the rocks broken through, would endeavour to 
deliver themselves into them. Where they entered any water in 
the cleft and various solutions in it, they would mix with them, 
obeying the same movements from differences of temperature, and 
acting upon them, or being acted upon, according to circumstances. 
Where the fissure was only filled by heated vapours, percolations 
into it at those depths might have a tendency to be vaporized 
also, and if any of them contained matters then rendered insoluble, 
it might be inferred that they were left incrusting the sides of the 
fissures, in the same manner that stalactitic incrustations of car- 
bonate of lime cover the sides of caves and fissures when the water 
is evaporated, and the carbonic acid, rendering the carbonate of 
lime soluble, is removed. 


Poggendorf’s Annalcn, vol. lx. 
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Having considered the fissures with reference to waters dispersed 
amid rocks, and finding their way into them, as would Imppen 
when they rose to the surface of dry land, or were opened out 
only to situations where they did not reach any considerable super- 
incumbent volumes of water, the geologist should direct his atten- 
tion to the conditions which would obtain when these fissures rose 
to the bottom of the sea, cither wholly, or so that the sea waters 
could readily rush into the clefts formed partly through dry land 
and partly under the sea. Looking at the present distribution of 
land and sea on the surface of the earth, many long and important 
fissures would be expected to occur beneath the sea. If a 5, in the 
annexed section (fig. 285), be the level 
of the sea ; a c and b d, depths of water ; 
e e, rocks, such as argillaceous slates, 
resting upon or raised up by granite, ff; 
and A, a fissure traversing the whole, and 
opening to the sea water above, the latter 
would rush into the cleft or clefts at the 
prolongation of the fissure to the sea 
bottom, descending as far as any tem- 
perature in the cleft would permit. It 
may be assumed, for illustration, that, 
whatever may have been the effects of 
the first communication between con- 
siderable depths and the surface of the 
bottom of the sea, a time would come 
when the sea water could enter the 
fissure, _ unless any outflow of waters 
reaching it from the rocks traversed 
could prevent it. In certain situations, 
obstructing conditions of this kind might 
exist, the fissures answering the purpose 
of artesian wells to large tracts of country. 

Taking, however, the conditions to be 
such as to permit the entrance of the 
some depth, such as s 6, the water was converted into steam, not- 
withstanding any pressure there might there be, the saline solutions, 
chloride of sodium constituting the Important portion of them 
(p. 109), would be left to be dealt with according to the tem- 
perature existing at 8 and any vapours rising from beneatli, A, 
where a still higher temperature might prevail. The production 
of chlorides of a volatile kind, such as those of copper, and others. 


Fig. 285. 

a — - u 




672 


SUBSTANCES IN MINERAL SPRINGS AND VEINS. [Ch. XXXV. 


might thence take place to a considerable extent, such chlorides 
being again chahged into other combinations in the higher parts of 
the fissures.* 

When fissures are regarded as of depths so considerable as to 
extend to such elevated temperatures, the geologist can scarcely 
fail to turn to the evidence respecting fissures produced, and the 
heated gaseous substances discharged from them, during -earthr 
quakes, whether these may traverse volcanic regions now exhi- 
biting activity, or show no immediate connexion with them, and 
to regard the emanations which take place from volcanic vents 
themselves, since from such sources of communication between the 
interior and exterior parts of the earth, evidence might be expected 
as to the substances vaporized by heat beneath, and discharged 
upwards. Neither should he neglect the contents of thermal, or 
as most of them are termed, mineral springs, since so many appear 
only to be the condensation of vapours and gases effected in por- 
tions of fissures, when the temperature becomes sufficiently lowered. 
With respect to the vapours and gaseous substances thus discharged 
from volcanos and found in mineral waters, M. Elic de Beaumontt 


* M. Elie de Beaumont remarks (Note sur les Emanations Volcaniques et Metal- 
liferes) that “ iron as a chloride, often changing into peroxide (specular iron, for 
oligiste), is among the most abundant of the substances derived from volcanic 
emanations. Oxidulated iron is commonly disseminated in the lavas ejected from 
volcanos, and it cannot be doubted tliat it exists in the lavas consolidating in subter- 
ranean cavities. Iron in the form of an oxide or chloride is necessarily, therefore, 
deposited in the fissures which volcanic emanations traverse before they reach the 
surface.” M. Elie de Beaumont also points out copper as among volcanic emana- 
tions, and it may be observed, that chloride of coi)per is readily vaporized. 

t Note sur les Emanations Volcaniques et Me'lalliferes (Bulletin de la Soc. Geol. 
de France, 2nd serie, t. iv., p. 1249, 1847), wherein, under this simple title, a mass of 
important information will be found bearing on this subject. 

Adverting to the various hypotheses which have been formed to account for the 
filling up of mineral veins, M. Elie de Beaumont remarks, that the one “ which attri- 
butes ordinary mineral veins to emanations in the form of vapours and to mineral 
waters, enables us to comprehend the varied facts observable in mineral veins, espe- 
cially the development of those chemical affinities which have long been observed as 
influencing the manner in which the metals are associated. Substances which ore 
usually associated have much in common between them, and often exlnbit properties 
altogether analogous. Nickel and cobalt, so often found together, much resemble 
each other in their properties, and the same with iron and manganese. Antimony 
and arsenic, the properties of wliich are so analogous, occur in a similar manner, and 
are frequently associated. Silver and lead have much in common, and are very fre- 
quently united in veins. It is rare to find silver unaccompanied by lead, and this 
scarcely happens except when the silver occurs native or as a chloride, two states of 
silver which most differ from the corresponding conditions of lead. It is still more 
rare to find lead which is not argentiferous, the most wide-spread ore of lead being 
the sulphuret, the properties of which are very analogous with the sulphuret of silver. 
Lead and zinc, the sulphurets of which possess analogous properties, are found 
associated together in the form of galena and blende ; and the same facts are observable 
in the great family of metals occurring in the stanniferous veins, such as tin, tungsten, 
tantalium, &c.** 
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has pointed out, that the substances contained alike in them and 
in mineral veins, may be taken as 19, viz., pota^siurriy sodium^ 
calciumy aluminum^ manganese^ iron, cobalt, lead, copper, hydrogen, 
silicon, carbon, boron, arsenic, nitrogen, selenium, sulphur, oxygen, 
and chlorine. The substances found in mineral waters and veins, 
and not hitherto noticed in volcanic emanations, he notices as 
lithium, barium, strontian, magnesium, phosphorus, iodine, bromine, 
vnodjluorine* 

When the observer thus directs his attention to the consequences 
which may arise from the production of fissures, extending to por- 
tions of the earth where high temperature may be inferred, he 
should bear in mind that, of the substances occupying the interior 
of the earth, beyond such slight depths as the reasoning respecting 
tlic thicknesses of various rock deposits rendefs probable, nothing 
is known, except that their density, as a whole, must be much 
greater tlian that of the rocks at the surface, since, according to 
Laplace, the mean density of the earth is 1*55, while that of its 
solid surface is only 1. The substances cliielly forming the solid 
surface ol* the earth arc oxides, those which are not of* that cha- 
racter are very limited ; and it is not a little interesting to find the 
latter, to a great extent, in the fissures under consideration, or so 
disposed as readily to have entered the cavities of deposits after 
their accumulation, tliere forming combinations other than oxides. 
As respects the frequent occurrence of certain of the metals with 
sulphur, arsenic, and otlier substances, which have been termed, 
with reference to their presence in veins, mineralizers, such 
Ircquent combinations, under conditions tliat may often be inferred 
as those which governed tlieir original deposit in mineral veins, 
secondary actions having effected subseejuent modifications and 
changes, arc highly interesting. M. Elle d(‘ P)eaumont has remarked, 
when treating of an initial volatilization of' the metallic substances 
found in veins, that this hypothesis agrc'cs with the fact that the 
metals, properly so called, are found in tlicm much less frequently 
combined with oxygen tlian with sulphur, s(‘lenium, arsenic, phos- 
phorus, antimony, tellurium, chlorine, iodine, and bromine. 
“ These substances,’' he observes, “ are not only in general volatile, 
as well as bismuth, wdiicli often accompanies them, but they have 
likewise the property of rendering many of those with which they 
combine also volatile. It is difficult to believe, that this property 

* With respect to the substances contained in mineral waters, M. Elie de Beaumont 
mentions that he has taken them from the works of many chemists, and especially 
from those of M.M. Berzelius, Bischoff, and Kopp, 

2x 
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has not acted a part in the filling of the veins.”* We should 
expect to find in the contents of fissures, or in cavities communi- 
cating with them, or disseminated amid such portions of rocks as 
may be inferred to have presented the ready means for the intro- 
duction of mineral matter from them, some substances not common 
elsewhere, and under forms and combinations often of a peculiar 
kind, as well as those with which we may be familiar, as more or less 
forming the component parts of rocks generally, though these also 
may be sometimes discovered under new combinations. The geo- 
logist would expect also to find numerous compound substances, 
which he might refer to the reactions of certain prior combinations, 
and to the readjustment of their component parts, according to tlie 
governing conditions of the time. 

With reference to slow secondary electrical action, caused by 
feeble currents, M. Becquerel pointed out, many years since (1835), 
that various compounds are produced which are not formed by the 
usual kind of experimental investigations, disunited elements being 
presented to each other in a nascent state, one highly favourable 
to such productions.f He observed that substances, commonly 
termed insoluble, became crystallized, because the electrical action 
being slow, the chemical action was slow also, so that the com- 
ponent molecules had time to arrange themselves according to the 
laws governing crystallization, an advantage not obtained when the 
chemical forces have more intensity. M. Becquerel produced 
various minerals by means of these secondary actions, such as the 
oxides of copper and zinc, the sulphurcts of silver, copper, tin, lead, 
iron, &C.J The action of bodies upon each other, as shown in the 


* “ These bodies,” continues M. Elie do Beaumont, “ are, at the same time, those 
found among volcanic emanations, and also in thermal 8X)rings, and their presence 
in the veins contributes to corroborate the relations previously noticed as existing 
between these veins, volcanic emanations, and mineral waters.” 

t Traite Experimental de I’Electricite ctdu Magnetisme, Paris, 1835. M. Becquerel 
there remarked (t. iii., p. 295), that “it could not, for a long time, be conceived how, 
with apparently feeble electrical forces, strong affinities could be overcome in order 
to decompose bodies and produce new combinations ; it being considered that the 
action of more or less energetic currents should always be employed. As soon, how- 
ever, as the electrical effects which take place in chemical action had been analyzed, 
it became clear that the same end might be obtained by skilfully employing these 
effects. It can be readily understood, that when any voltaic couple is plunged into a 
solution which reacts on one of the elements of this couple, the particles of the solu- 
tion, the moment they are brought into play by the operation of chemical action, are 
then, being in a nascent state, in the most favourable condition for obeying the action 
of the electric current produced by the couple.” 

t The observer will find much to interest him, bearing on the subject of mineral 
veins in those experiments in which M. Becquerel employed a bent tube in the form 
of a U, with clay moistened at the bottom, thus separating it into two portions, in 
which solutions were placed to be acted upon, wires being introduced to form the 
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experiments of M. Becquerel, so that after the production, and 
even crystallization, of some substances, they were again decom- 
posed by the new action then set up among them, appears to have 
an important bearing upon the filling, and modifications of the 
contents of fissures and cavities.* He concluded, from his expe- 
riments, that to obtain an insoluble crystallized substance by 
electro-chemical reactions, it is sufficient to make it combine with 
another which is soluble, and afterwards operate by means of very 
slow decomposition.*’t 

In 1830, Mr. Robert Were Fox commenced a series of experi- 
ments in the mines of Cornwall, to ascertain the electro-magnetic 
properties of the mineral veins of that metalliferous district. J In 
1837, he treated tlie connexion of electricity and mineral veins 
more at length, chiefly referring to the veins in Cornwall, § observ- 
ing, with respect to the present condition of mineral veins, that he 
found, ‘‘ by an examination of water taken from different mines, 
and from various parts of the same mine, that different varieties of 
saline solutions now exist in neighbouring strata.” In many 
instances the proportion of foreign matter in the water was very 
small, whilst in others it was very considerable ; but I have not,” 
he adds, ‘‘ yet tried any mine-water, that would not produce very 
decided electrical action, when the native sulphuret of copper, or 
of copper and iron (copper pyrites) were plunged into it, and the 
voltaic circuit was completed. The very superior conducting 
power of tlie saline water in the fissures, in relation to the merely 
moistened rocks, would always tend to supersede the transfer oi 
electricity more or less through the latter. The contact of large 


voltaic circuit ; as also in those in which he placed substances in a tube, afterwards 
hermetically sealed, so tliat they formed voltaic circuits in the tube itself, the sub- 
stances acting uiKin each otlier. 

♦ M. Becquerel remarks, after describing some substances obtained by his experi- 
ment'*, “ that all the chemical actions which lead to these compounds could only have 
arisen from certain electrical influences possessing little energy ; for if we operate 
with apparatus the action of which is too strong, all the elements are isolated, and no 
combination is possible.” 

t Traite de rElectricite, t. iii., p. 298. It is remarked, respecting truncations of 
the crystals of certain double chlorides obtained in some of the experiments, that, in 
the beginning, the crystals are perfectly formed ; ‘‘ but that when the apparatus has 
been in action for a long time, truncations of the angles are gradually produced ; 
whence it seems to follow, that w'hen the particles of the crystallizing substance are 
less abundant, the force which determines the regular grouping of them has no longer 
sufllcient energy to complete the crystal.” 

t Philo8ophic4il Transactions, 1830. 

§ “ Observations on Mineral Veins Report of the Royal Polytechnic Society of 
Cornwall for 1836 ; Falmouth, 1837. 

2x2 
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surfaces of rock, clay, &c., with water, differing in its saline 
contents from them, must also have been an efficient cause of 
electrical excitement, and it should not be forgotten that the cir- 
culation of water would be liable to very frequent changes of velocity, 
in consequence of obstruction in the fissures or their occasional 
enlargement, so that the contents, as well as the temperature of 
the water, would be subject to many modifications,”* 

The contents of fissures and cavities through, and in rocks, will 
not long have engaged attention before it will be found that in 
those districts where tlie ores of the useful metals are worked, 
there is not unfrequently a marked association of dissimilar rocks, 
one or more of them being often of igneous origin. This condition 
is far from being constant ; at the same time it is one which has 


* Robert Were Fox : Report of the Cornwall Polytechnic Society for 1836 ; Fal- 
mouth, 1837, p 110. 

Adopting the view of M. Ampere, that the direction of terrestrial magnetism is due 
to the circulation of currents of electricity from east to west round the globe, Mr. Fox 
considers, that if fissures happened to have opposite horizontal bearings, and were 
equally filled with water charged with saline matter, the electric currents would be 
determined, in preference, through such of them as nearly approximated to the mag- 
netic east and west points at the time.** The consequence, he conceives, would be the 
decomposition of the saline substances, and the determination of the metals or base 
to the electro-negative, and the acids to the electro-positive rock. “ However slow,” 
he remarks, this process at first may have been, the deposition of the metals M ould 
cause it to become more and more energetic. The metals and metalliferous deposits 
would, likewise, react on each other, and give rise to new combinations and arrange- 
ments till they arrived at a state of comparative equilibrium. This may be said to 
be very much the case with the lodes (mineral veins) at present, as most of the ores 
which are capable of conducting electricity very nearly approximate to each other in 
the electrical scale, being more electro-negative than silica, and many of them as much 
so as platina ; indeed, the grey oxide of manganese and the lodestone are electro- 
negative in a still higher degree. Arsenical pyrites, iron pyrites, and copper pyrites 
hold rather a high place in the scale, and are electro-negative with respect to puri)lc 
copper and galena, but especially to the sulphuret er vitreous copper ore, which will 
produce a very decided action on the galvanometer when connected in the voltaic cir- 
cuit with copper or iron pyrites.’* — p, 113. 

M. Becquerel considers (Traite de TElectricite, t. v., pp. 163, 164), that at a certain 
depth in the earth a multitude of electric currents exist, with very ditferent direc- 
tions, the general result of which would produce an action on the magnetic needle. 
He infers, that these are produced by the permanent communication kept up by 
numerous fissures through which sea waters percolate either to the metals of the 
earths and alkalis, or to metallic chlorides, causing the metals to take negative elec- 
tricity, and the steam or other vapours positive electricity. A part of the latter 
electricity, he considers, would be carried into the atmosphere by volcanic eruptions, 
and the other would tend to combine with the negative electricity of the bases, by 
passing through all the conducting bodies which established the communication 
between the metals or their chlorides in the solid, liquid, or gaseous substances that 
filled the fissures. Hence, he observes, a number of partial electrical currents w ould 
circulate in the interior of the globe, producing electro-chemical reactions, of which 
we cannot appreciate the whole extent, but which certainly would give rise to 
numerous compounds. 
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long engaged the attention of miners, and in some mining countries, 
much importance has been attached to its practical bearings.* In 
the same countries also long experience has shown the miner that 
the ores he seeks are more likely to be discovered amid or against 
certain rocks than others, though the fissures in which they are 
found traverse several different kinds or modifications of rocks. It 
is very desirable that an observer should collect all facts of this 
kind, however ill-arranged they may sometimes be by those from 
whom he may derive tliem, and liowcvcr needful their proper 
classification, from pei-sonal l eseareh, subsequently. At the contact 
of certain granites with other, and for the most part, sedimentury 
rocks, and especially where there m.ay have been some modification 
vr alteration of the latter from the intrusion of the former, fissures 
traversing them arc often found productive of the ores of tlie usefid 
metals, sufficiently abundant to be worked, provided the districts 
generally are metalliferous. In other words, such conditions, in a 
metalliferous district, are not uncommonly those under which the 
oYQS arc the most abundant. In the mining districts of Cornwall 
and Devon the fissures through the junctions, or the vicinity of the 
junctions of the granite and schistose rocks, in those localities 
which may be termed metalliferous, have been found to produce 
much ore, often not in the least quantity when they also traverse 
dykes, or channels as they arc locally termed, of the porphyries 
and granitic rocks known as elvafis (p. 565). Those irregular 
accumulations of ore usually termed hunches are often found at the 
junction of granite and the schistose rocks. In illustration also oi 
the occurrence of similar accumulations of either tin or copper ores, 
in the same mining country, when a fissure traversing schistose and 


* This somewhat common association of igneous rocks has also long since engaged 
the attention of geologists. Professor Necker adduetd abundant evidence on this 
head in 1S32 and 1833 (Proceedings of the Geological Society of London, March, 
1832, vol. i., p. 392, and Jameson’s Edinburgh Philosophical Journal, 1838). lie 
thence inferred the tilling of metalliferous veins by mc*aiis of sublimation. 

The observer will find the connexion of igneous rocks and mineral veins treated 
by M. Elie do Beaumont with precision and, at the same time, with ample detail, in 
his “Note sur les Emanations Volcaniqucs et Mctallil’t res.- Bulletin de la Societe 
Geologique de France, 1847, 2nde eerie, t. iv. 

t In illustration of the different distribution of chiefly metalliferous districts into 
which some areas, not unproductive of the useful metals, are sometimes naturally 
divided, it may be useful to mention, that Cornwall and Western Devon may be 
separated into six chief metalliferous districts. 1. That of Tavistock (including 
Dartmoor, and the mining country of Callington and IJnkinghornc) ; 2, that of 
St. Austell (including the granitic mass of Uensbarrow, and its schistose skirts) ; 
3 the St. Agnes district ; 4, that of Gwennap, Redruth, and Camborne ; 5, that of 
Breague, Marazion, and Gwineur; and 6, the district of St. Just and St. Ives, com- 
prising the granitic country between these two places. 
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porphyritlc dykes (cl vans), passes through the latter, the following 
section (fig. 286), across the lode at Wheal Alfred, Gwinear, may 

Fig. 286. 



be useful. The elvan dyke, a b, is about 300 feet thick, having a 
direction about N.E. and S. W., and dipping at about an angle of 45® 
northerly. The lode c d, dipping at an angle of 72® to the north, 
traverses the elvan, a b, obliquely in its descent, at e f. While 
the fissure traversed the upper and adjoining slate, on the north, 
no great amount of ore was obtained, but upon entering the elvan 
it became more rich, and while passing through that rock, the ore 
was found to be so abundant as to afford a considerable profit.* 
After quitting the elvan at /, in its descent, and entering the slate 
beneath, on the south, the lode became poor.*f* 

The connexion of bunches of tin and copper ores in fissures 
where these traverse elvan dykes, viewing the subject generally, 
is well known practically to the Cornish miners, and its importance, 
as regards the abundant and profitable contents of the mineral 
veins in that metalliferous land, can be conveniently studied in 
many places. | An observer may sometimes find it remarked that 
a lode is split up into strings upon its entrance into an elvan, and 
it may also be stated that it is thence impoverished. Usually, 
however, when the facts are well investigated, it appears in such 
cases that the ore itself continues sufficiently abundant, occasionally 
even more abundant, though so divided into strings, branching 
amid fractured and highly-separated portions of the elvan, as not 


* Those engaged in this mine reaped a profit, it is stated, of 140,000/. at that 
time. 

t The width of the lode was from six to nine feet in the slate above the elvan, 
increased in the latter to twenty-five feet, and decreased in the slate beneath to ten 
feet. 

t If the observer will direct his attention to the Geological Survey Map of Cornwall, 
he will find numerous examples of the intersection of elvan dykes and mineral veins. 
The percentage of cases is considerable in which these intersections are accompanied 
by bunches of ore in fair quantities. 
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to be SO profitably worked as previously. If elvans have been 
divided into joints, as often seems to have been the case, before the 
formation of‘ the fissure traversing it and the adjoining rocks, it 
would probably happen that upon passing through them from these 
adjoining and less divided rocks, such joints would be the courses 
through which the force producing the general fissure would act, 
multiplying the parts of the general fracture in the elvan, so that 
when filled subsequently by mineral matter, the vein should appear 
split up into stiings where the elvan occurred. If, as in the an- 
nexed section (fig. 287), a country composed of slate, a 6, be 

Fig. 287. 



traversed by an elvan dyke, c d, having a jointed structure, and a 
fracture, ^ be made across the whole, it would be expected 
that where the fissure was effected across the jointed elvan dyke, 
the solids formed in the latter by tlie joints would be much dis- 
located, so that when tlie complicated fracture was subsequently 
filled by mineral matter, viewing such contents and their course 
alone, as is commonly the "custom in mining countries, the vein 
would be considered as split into strings at ^ g. 

The mineralogical imxlification of the various rocks in metal- 
liferous districts, very commonly bearing the same names, is also a 
subject of no slight anxiety on the part of the miner, since, from 
experience in such districts, he finds that when it presents certain 
characters his chances of success as to the occurrence of the ores he 
seeks, are considerably increased. Thus, in Cornwall or Devon, 
he usually prefers a granite or elvan which is, to a certain extent, 
decomposed. The particular character of the various kinds of the 
schistose rocks and the harder beds associated with them, is also 
carefully noted, and from experience, some kinds, when forming 
the walls of the fissures, are known to carry more ore than the 
others, while some again axe regarded as unfavourable.* In dis- 


As we have elsewhere stated (Report on the Geology of Cornwall, &c., 1839), 
in Gwennap (Cornwall) the more experienced miners seem to prefer those argillaceous 
beds which accompany the red or variegatetl slates of the district, and which have a 
fine grain and a blue-grey colour. Respecting the value of the red beds themselves, 
f»piiiions somewhat differ. Mr. Carnc states, that when the copper lodes in Gwennap 
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tricts where the rocks are more generally bedded, excellent oppor- 
tunities may often be obtained for studying the modification of the 
contents of a metalliferous fissure according to the variation of the 

intersect the red beds they become unproductive, an immediate change taking place 
when they pass beyond them into another slate. In most lodes the miners have their 
favourite kind of rock or country^ so that the whole tendency of their experience goes 
to show that particular mineral structures, other circumstances being the same, are 
more favourable to the occurrence of the ores sought than others. The principal lode 
at Fowey Consols mines would seem to afford a good example of ore accompanying a 
particular sot of beds. The slate in this productive mine dips away from the granite 
of St. Blazey, on which it rests, to\^ ards the east, so that, as the lode has a general 
east and west direction, the beds traversed by it on the lower part of the mine on the 
east rise towards the western end, and it is found that the bundles of ore accompany 
this dip, coinciding with certain beds, viewing the subjecl on the large scale. The 
mode in which the gossan and otlier marks of the usually higher parts of a copper lode 
in Cornwall dip to the eastward in this mine is very interesting ; gossan, w’ith its very 
common accompaniment of native copper, green carbonate of cojiper and grey 
sulphuret, descending, above the bunches of copper pyrites, to the depth of about 
Gt)0 feet from the surface, with the dip of the beds, on the eastern part of the mine. 
It is (>ften very difficult to convey by words the differences in a rock which the prac- 
tised eye readily seizes as distinctive in these cases. 

Regarding the changes in the metallic contents of the Cornish mineral veins accord- 
ing to the character of the adjoining rock, Mr. Came observes, that “in Godolphin 
the lodes were rich where the killas (argillaceous slate) was of a bluish-white colour, 
but poor where it was black. In Toldice and lluel Fortune, the lodes in the killas 
continued productive until they entered a stratum of blue hard killas, which cut out 
the riclies. In lluel Squire, the copiior lodes were very productive when in the soft 
light-blue killas; but a stratum of hani black killas underlying (dipping) rapidly met 
one lode at the depth of 44 fathoms, and the other at fathoms, under the adit, and 
at these levels both the lodes became poor. At Penstruthal copper mine the lode had 
been tried unsuccessfully at various times in parts where tlie granite was hard, but 
trial being made where that rock w as soft, it became one of the most profitable mines 
in Cornwall.” — Trans. Geol. Soc. Cornwall, vol iii., p. 81 ; 1827. 

M. Fournet has remarked on this subject that, commonly in Upper Hungary, the 
largest coi)per lodes are found in fine clay slates ; that in Saxony the silver ores 
occur in gneiss; and that in the llartz certain ores are intimately connected with 
grauwacke. The veins of Kongsberg, Norw ay, are sterile in mica slate, and become 
very productive in beds known by the name of Faalbamder. At Andreasberg, llartz, 
the veins which pass from argillaceous slate into flinty slate lose their riches in tlie 
latter rock. 

M. Fournet gives, from the information of M. Voltz, the following remarkable 
example of the contents of a mineral vein varying according to the character of the 
rocks on its sides The A\'eiizal vein at Furstenburg runs nearly vertically from N. 
to S., across many beds of gneiss, about GO feet thick, dipping east. Each of these 
beds forms a distinct variety of rock. The first is very micaceous ; the second passes 
into argillaceous slate ; the third is homblendic, and scarcely any mica can be detected 
in the fourth. The vein is shifted in the depth to the westward by several cross 
courses ; and it w’as between two of these cross courses, distant from each other about 
240 feet, that it contained those rich* s for which it has become so celebrated. In the 
first bed of gneiss the vein merely fonned a nearly imperceptible string of clay ; in 
the second it suddenly acquired a thickness of from 12 to 18 inches, and was com- 
posed of sulphate of baryta, antimonial silver, red silver, and argentiferous grey 
copper. The antimonial silver was always found in large masses. In the third bed 
the thickness of the vein is preserved, and the sulphate of baryta is continued in it ; 
but the silver ores disappear, and a little sulphuret of lead is the only ore found. In 
the fourth bed the silver ores become as abundant as in the second, but they gradually 
disappear in deptli and are replaced by selenite (sulphate of lime), a little sulphuret 
of lead, and some traces of pure sulphur. 
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rocks forming its walls. In Derbyshire, for example, where the same 
fissure not only passes through the mountain limestone, often with 
its associated igneous nxjks (p. 558), but also across the surround- 
ing, and higher accumulations of shales and sandstones, the lead 
ore, sulphuret of lead (that chiefly foimd in the Derbyshire veins), 
keeps generally, though not altogether to the limestone series, and 
appears most prevalent in the upper part of it. The igneous 
rocks, commonly compounds of felspar and hornblende, sometimes 
dense and hard, at others originally vesicular, though the vesicles 
may be now filled by infiltrated matter, arc considered unfavourable 
for these ores of* lead. Indeed, at one time, the opinion of the 
Derbysliire miners was, that the vein did not traverse the toad- 
stones (p. 559), or hlackstones^ as these igneous rocks are locally 
termed, so unproductive are they.* It is now, however, well 
known that the veins, the true fissures, those locally termed rakes^ 
pass through these rocks as well as the limestones, the ores being 
commonly absent wlicre these igneous rocks constitute the walls of 
the vein, its contents in those situations being composed of other 
mineral substanccs.t Among the limestone beds themselves, some 
are considered more favourable, as walls to the vein, than others, 
and certain of them, in which much carbonate of magnesia occurs, 
are disliked and looked upon as somewhat unfavourable. Though 
the veins arc Imown to be often continued into certain shales, not 
unfrequently black and containing mucli carbonaceous matter, above 
the limestones, and thougli tliesc shales have occasionally hornoy as 
the term is, a fair amount of ores, looking at the district generally, 
tills is tlic exception, and it is a still greater exception when the 
sandstones surmounting these shales contain any appreciable amount 


* With reference to this rock, wMch appears to l)t* chiefly a compound of felspar 
and hornblende, with oxide of iron, and thus unfavourable generally as the wall of 
fissures for the lead ore in Derbysliire, it may not be out of place to remark that the 
greenstone of Devon and Cornwall, commonly of much the same composition, may be 
considered, as a whole, unfavourable to the ores of tin, copper, and 'lead. The mode 
of occurrence of these greenstones, as to proximity to granite, intermixture with 
elvan dykes, and the intersection of cross courses, is the same as that of the slates 
with which they are accompanied ; the fissures, moreover, traversing them have the 
directions and are of the same kinds as those bearing ores elsewhere. Though certain 
mines at St. Just might be considered as exceptions, this is more apparent than real, 
abundant ores rarely being detected in the greenstone itself, which, from the dip of 
the beds near St. Just, often appears to occupy more of the mass of rocks there found 
than is really the fact. 

t In the cases w'liere a fair proportion of galena has been found in fissures through 
the toadstones, it has usually happened that the vein traversing the limestones above 
or beneath, and sometimes both, contained much ore ; it thus appearing as if a super- 
abundance of the ore found its way amid the toadstone, the effects due to the lime- 
stone being sufficiently iwwerful for the purpose. 
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of ores, though a fissure may have traversed all these various 
rocks, arranged as beds, and have been open to solutions of a simi- 
lar kind at the same time. Taken as a whole, the upper part of 
the mountain limestone series in Derbyshire is the most metal- 
liferous, and in it certain beds appear more favourable for the 
occurrence of the ores of lead than others. This seems to hold 
equally well whether the sulphurct of lead be found in fissures tra- 
versing all the rocks, or in the joints and cavernous places in the 
limestone series. The metalliferous deposits are not confined to 
the irregular cavities so frequent in many limestone countries in 
difierent parts of the world, but extend to those which arc situated 
between the beds tliemselves, and arise either from the partial 
removal of clays which were once interposed between some of the 
beds, or from the original small spaces between them having been 
enlarged by the same causes as those which have formed the other 
irregular and greater cavities. 

Many of the small metalliferous veins in the Derbyshire lime- 
stone are but joints (p. 624) in that rock that have been so open 
as to receive a deposit, which, when sufficiently composed of‘ the 
sulphuret of lead, the miner will follow in his workings.* From 
finding these above a bed of toadstone or blackstone, and also 
beneath that igneous nx^k, with no connecting joints through it, 
the impression seems in a great measure to have arisen that the 
veins did not traverse the toadstone. The cavities in that district 
wherein sulphuret of lead has been discovered arc very numerous. 
Wlien they rise through the beds they arc usually termed pipeSy 
and when interposed between them,^a^ works. Upon studying 
the cavities in limestone districts of this character, it will be 
evident that these distinctions are not always very applicable, and 
that irregular cavities rising upwards may have numerous branches 
from them running amid the beds themselves, that joints may cross 
the cavities, and real dislocations traverse the whole. When care- 
fully examined, leaders, as they are termed, seem always found in 
such situations, so that dislocations having been effected, a com- 
munication was formed between them and the other kinds of 
cavities, and thus any solutions or gaseous matters rising through 
the dislocations would enter into them. One of the largest cavities 
worked for lead ore seems to have been that at Crich, whence a 
few years since considerable quantities were raised, the sulpliuret 
of lead encrusted, as well overhead as on the sides, by layers of 

* Many, though not all, of the strings of ore which the Derbyshire miners term 
skrins, are in joints. 
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fluor spar and sulpliate of baryta, two very common veinstone 
minerals in certain parts of Derbyshire. 

Let, in the annexed section (fig. 288) a w represent a part of the 


Fig. 288. 



limestone series of Derbyshire, and h an interposed bed of toadstone^ 
formed after the beds of limestone a\ and prior to the deposit of 
those at a, and m be fissures traversing all the rocks ; A, A, A, A, 
being ordinary joints in the limestone which do not traverse the 
toadstonc ; p, p, irregular cavities in the limestone, and f f, the 
common interstices between the beds, enlarged by the removal of 
parts of the adjacent limestone in the usual manner ; then a variety of 
spaces, differently communicating with each other, may be all filled 
with mineral matter contemporaneously derived from the same 
supply, and be all known by different terms among the miners. 
The fissures g e, d k, and c m, would be the channels {rakes') 
through which the various mineral substances introduced from 
beneath could pass into the irregular cavities p p {pipes) y the 
enlarged spaces between the beds /, f {fiat work), and into the 
joints h, h, h, h {skrins ) ; all these varieties of open spaces occa- 
sionally intermingled, according as they locally occurred. The 
main fissures would be considered as passing through all the rocks, 
while the joints, or at least a large proportion of them, might 
terminate at the toadstone.* 

Of the occurrence of the ores of lead in spaces between beds 
which were open when they and the other contents of such cavities 
were accumulated, that at Fawnog, two miles west from Mold, 
Flintshire, may be selected as an instructive example. From the 
information of Mr. Warington Smyth, it appears that after some 
unprofitable search for lead in shallow workings between the car- 
boniferous limestone and its covering of the arenaceous rocks known 

* The joint fissures through the toadstone appear to be very few when compared 
with those in the limestone. Although to render the complicated mode of occurrence 
somewhat more clear, the joints alone are noticed in the section (fig. 288), it should 
be stated that in some parte of Derbyshire, and independently of the joints, the frac- 
tures, when a main dislocation was efiected, seem to have been more extensive in the 
limestone than in the toadstonc, as might be expected from the application of the 
same force to bodies so different in tenacity, so that the same crack is more ramified 
in the one than in the other, and the minor fractures appear to terminate at the 
toadstonc. 
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as millstone grit, it was discovered tliat ore was abundantly dis- 
tributed in 2ijlat, or streak of ore, between these rocks, the streak 
being elongated on ^an E.N.E. direction, that of many of the pre- 
vailing fissures, containing lead, in the adjoining country. By 
following this “flat” downwards, on the dip of the beds, many 
thousand tons of very excellent sulphuret of lead were obtained in 
a few years. Subsequently, another mining company sunk a shaf't 
still further upon the dip of the beds, and cut the same kind ol‘ 
deposit in a continuation of the same plane between tlie millstone 
grit and carboniferous limestone. From this other streak, or flat 
of ore, several thousand tons were also raised in a few years. The 
ground being thus proved for half a mile in length, and pierced by 
several shafts, a very good illustration is afforded of the extensive 
occurrence of a metalliferous deposit between two different kinds 
of r(X?k, and probably also after their deposit, the accumulation of 
the lead ore being simply in a cavity partially existing between 
dissimilar beds, instead of' in a vertical fissure.* 

As regards tlie deposits of mineral matter, including those of' 
the useful metals, in joints of rocks (and the crossing of small veins 
is sometimes little else than the latter), the partial filling of joints, 
traversing alike granite, the veins from it, and the schistose rocks 
through which it has been protruded, may be easily studied at St. 
MichaeVs Mount, Cornwall. The joints, well exposed from the 
insuhir position of St. Michael’s Mount, and from the united action 
of the sea and atmosphere, give the granite the false appearance of 
being regularly divided into vertical beds, ranging about E. 10° N., 


• Warington Smyth, MSS., who further adds, that the underlying limestone is 
semi-crystalline and grey, abounding in stems of encrinites, and occasionally pierced 
by “ swallow-holes,” or water-channels running in various directions, the surfaces of 
which are smooth except where projecting fossils are found showing their better 
resistance to the power which removed their once-containing limestone. The roof 
(millstone grit) is generally a sand, partially calcareous (also containing stems of 
encrinites), about 18 feet thick, surmounted by a bed of hard sandstone 30 to 36 feet 
deep ; this succeeded by various sandstone and conglomerate beds, amid which there 
are occasional lenticular masses of limestone. The fat itself was composed of light- 
coloured argillaceous matter, from 15 inches to 8 feet in thickness ; the metalliferous 
portion averaging 14 inches thick, but in some places attaining the full height of 8 
feet, and consisting entirely of sulphuret of lead. Several streaks of ore were found 
with the same general direction. The third “ flat ” found (working in 1849) was 
often surmounted by 6 or 8 inches of compact carbonate of lead. “The fact,’’ 
observes Mr. Warington Smyth, “ of strings of ore from the main ‘ flat’ having been 
traced for 30 feet downwards amid the limestone, and 18 feet into the arenaceous 
beds above, is sufficient to show that the introduction of the sulphuret of lead has 
been efTected subsequently to the deposit of the millstone grit.” As to the loose 
sandy character of the surmounting bed of rock, tliis would readily arise either from 
tlic decomposition of the millstone grit above, while the lead ore was being deposited, 
or from subsequent decomposition by the passage of water amid its cementing cal- 
careous particles. 
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and W. 10° S. A change in the structure of the granite is clearly 
perceptible towards the joints, and in them are found quartz, mica, 
topaz, apatite (phosphate of lime), peroxide of tin, wolfram (tung- 
state of iron), tin pyrites (sulphuretof tin and copper),* schorl, and 
occasionally other minerals. These are but mineral veins of a 
particular kind, and on the small scale. As to the peroxide of tin, 
it is one of the common ores in the fissure veins of the vicinity ; 
and as to wolfram, more of it accompanies the tin ores in certain 
parts of Cornwall than is convenient for the miner. Quartz is the 
most abundant mineral in the open spaces, sometimes crystallized, 
at others filling the joint wholly to its sides. Where these joints 
traverse the granite veins, and the adjoining (altered) schistose 
rocks, they sometimes also present interesting examples of differ- 
ences in their contents, according to the kind of rock forming their 
walls. The subjoined plan (fig. 289) is one of part of St. Michaers 


Fig. 283. 



a 


Mount (N.E. side), wherein the granite veins, a, a, a, are seen to 
traverse the altered slate rocks (wliiih are shaded), a small 
included portion of the latter being seen in the largest granite vein 
at (?. A joint 5, S, traverses both the granite veins and the schistose 
rock, and d d is parallel joint less wide. The latter is filled 
with mica where it crosses the slate, but contains also quartz, and 
is even occasionally altogether cemented together by that mineral 
where it traverses the granite veins. 

* Tlie variety of tin pyrites which we thence obtained also contained zinc. The 
following is an analysis of specimens of this mineral from St. Michael’s Mount : — 

Tin 31-618 

Copper 23*549 

Zinc 10-113 

Iron 4*790 

Sulphur 29-929 
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The long-celebrated Carglaze tin mine, near St. Austell, Corn- 
wall, also shows joints filled with mineral matter, including per- 
oxide of tin. Many of these have been worked profitably, the 
granite in which they occur being soft from decomposition. The 
granite being also white, these joint veins, composed of black 
schorl and peroxide of tin, mingled with quartz, have a marked 
appearance, as represented in the annexed sketch (fig. 290j. A 



large portion of these lines will be found dipping beneath tlu* 
adjoining slates, as is usual with joint lines bounding the masses oi' 
Devonian and Cornish granite, and they are crossed by other joint 
lines, also in the usual manner. A large proportion of the granite 
country on the north of St. Austell, particularly in the vicinity of 
Hensborough, exhibits similar strings, in which schorl and peroxide 
of tin are intermixed, and so agree with lines, representing joints, 
that they appear little else also than the filling of spaces among 
such divisional planes by mineral substances, finally much harder 
than the granite amid which they were deposited, the latter having 
become to a considerable extent decomposed.* With respect to the 
schorl in these joint veins, the observer will find, upon studying 
many of the highly schorlaccous portions of the Devonian and 
Cornish granites, at their boundaries towards the slates, or surround- 
ing bosses of them, that it may often be found occupying a position 
near the joints, and, with quartz, sometimes entirely filling up the 
space between their walls, both minerals appearing to have been 
derived from the adjacent granite. 

Not only are certain minerals, including the ores of the useful 
metals, found in a fissure more frequently adhering to, or accumu- 
lated near, particular rocks or modifications of the same rock, in 
the manner above noticed, but also in some districts, where more 

— — — c 

* The works upon these small joint veins and upon the fissure veins also traversing 
the country, the channels, it may have been, through which part, at least, of the con- 
tents of the former have been derived, are very extensive in that part of Cornwall, 
the tin ore having been of excellent quality, and the granite of the district being easily 
worked, from its state of decomposition. 
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ores than one occur in sufficient abundance to be profitably worked, 
so that the ground is well explored, fissures in given directions are 
observed to contain certain of these minerals more than others. 
Even as regards these also, there would appear to have frequently 
been conditions under which minerals, chiefly found in fissures 
taking given directions, were accumulated more in some parts of' 
the same fissure than in others. The mining districts of Devon 
and Cornwall* may be studied with advantage in tliis respect, 
though similar facts are well known in other mining coimtries in 
different parts of the world. 

Referring back to one of those districts (fig. 216, p. 566), it is 
cliiefly in the fissures, v, v, r, having an easterly and westerly 
direction, tliat the tin and copper ores are obtained in profitable 
abundance, while those ranging northerly and southerly, cZ, cZ, cZ, 
often dbntain the ores of lead, iron, and some others. There are 
exceptions, but, as a whole, this distribution of ores is somewhat 
marked. Upon careful investigation it has been found that the 
north and south dislocations have been formed subsequently to 
those ha\dng an easterly and westerly direction, the proof being 
(p. 654), that the contents of the latter have been broken through, 
as well as the rocks forming their walls, and that new matter has 
been accumulated in the new fissures. The observer has, therefore, 
in sucli cases, not only to bear in mind the direction of the fissures, 
but also the difference in time when each of the two sets may have 
been produced, so that if at one time the conditions for the forma- 
tion of the ores of tin and copper prevailed, and those of other ores 
at another, the opportunities for the production of various ores in 
all the fissures were not contemporaneous, but difierent. This 
circumstance has to be fully regarded, as well as any influences, 
causing the deposit of certain substances, which the direction of a 
fissure itself might occasion. f 


* The observer will find a considerable mass of important information respecting 
these mines, in Mr. Henwood’s work on the Metalliferous Deposits of Cornwall and 
Devon ; with Appendices on Subterranean Temperature, the Electricity of Rocks and 
Veins, the Quantities of Water in the Cornish Mines, and Mining Statistics, forming, 
vol. V. of the “ Transactions of the Royal Geological Society of Cornwall,” 
Penzance, 1843. 

f The study of the different fissures in Cornwall, some containing ores, others not, 
induced Mr. Came, in 1822 (Trans. Geol. Society of Cornwall, vol. ii.), to class them 
under eight divisions, on the principle that the fissures of one epoch had a given 
direction, and were only cut through by those of subsequent times. By east and wtat 
lofles, Mr. Came says that he means “ metalliferous veins whose direction is not more 
than 30° from those points ; by contra-lodes, metalliferous veins whose direction is 
from 30° to 60° from east and west ; and by cross courses, veins whose direction is 
not more than 30° or 40*^ from north and south.” 
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Taking certain minerals for study, and especially the ores of the 
useful metals, the observer will often find much ol* interest in the 
manner in which they may be distributed, as it were, contempo- 
raneously in the same fissure. Certain combinations of rocks will 
sometimes suggest themselves, if not as the chief cause, at least as 
among the conditions whicli may have assisted in rendering tlic 
ores of one metal more abundant than those of another in the 
range of parts of the same mineral vein. At other times this view 
does not so well accord with the facts observed. The continuation 
of the great Crinnis lode, running from the coast near Crinnis 
Island, Cornwall, into the granite, may be noticed as an example 
of the same fissure being cupriferous amid the slate country, and 
chiefly stanniferous towards the granite. With respect to the dis- 
tribution of tin and copper ores in Cornwall, certain of tlie copper 
mines in that country are well known to have been worked for tin 
upon their backSy as the upper parts of mineral veins are often 
termed in some mining districts, and to have been abandoned when 
the copper ore was attained beneath, such ores not being considered 
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as worth raising at that time.* Some of these cases would not 
appear, as will be hereafter seen, to justify the view that the tin 
ores occurred to the exclusion of those of copper, but they never- 
theless seem to show that tin ores were present in the higher parts 
of these lodes, and were scarce, if not absolutely absent, beneath.t 

Points of this kind in connexion with other ores are also well 
known, and require similar attention, as, for instance, the frequent 
presence of copper pyrites on the backs of many of the lead veins 
in Cardiganshire (Goginan, Cwm Sebon, and others). In veins of 
mixed ores of different metals, where some of each are found 
disseminated through them, the relative abundance of the ores is 
sometimes found most materially modified at different depths, and 
tliis occasionally even to a certain extent irrespective of the kinds 
of rock forming the walls of the veins, though tliis influence 
requires always to be steadily borne in mind. Thus with some 
ores of zinc, lead, and copper, as, for example, in the well-known 
Ecton mine, Staffordshire, the sulphuret of zinc was found most 
abundant in the depth, the sulphuret of copper occupied a central 
position, and sulphuret of lead was found in the higher parts.J In 
the Spital vein at Schemnitz, according to Mr. Warington Smyth, 
where the sulphurcts of silver and lead are raised, though the 
latter is argentiferous beneath, the ores towards the higher portions 
of the vein are chiefly sulphurets and other ores of silver, in which 
either lead is scarce or absent. 

In this kind of investigation it is very requisite that attention 
should be directed, not only to the kinds of rock which may be 
traversed by the veins, as above noticed, but also to the decompo- 
sition and changes which may have taken place in a fissure, or 

* Mr. Came (Copper Mining of Cornwall ; Trans. (Jcol. Soc. of Cornwall, vol. iii. 
p. 37) notices W’heal Damsel and Wheal Spinster c«)T>por mines as instances where 
the upper parts of the veins were taken away for (he tin they contained. “The 
granite walls of the lode are still visible/’ he remarks, “ at the surface and to the 
depth of three or four fathoms, having a space of about 4 feet between them. It is 
probable, that if the rubbish were taken away the space would be found to extend to 
the depth, perliaps, of 10 fathoms (60 feet), or as deep as the ancient miners could go 
without being obstructed by water. From this space the fi e gossan of the copper 
lode was wholly taken away, and the tin ore extracted from 

f At Dolcoath mine, Camborne, one which has been loi in work, it has lately 
been found that tin occurred in profitable quantities in the lepth after the vein had 
been worked chiefly for copper, the higher portions having ft rmerly furnished tin as 
the principal ore. The ores of copper and tin arc sometimes more mixed in Cornish 
mines than the distinctive names of “ copper lode ” or “ tin lode ” would lead those 
not familiar with those mines to suppose. 

X In this mine, particular beds of limestone were found so much more favourable 
for ores than others, that they were always followed by the miners ; and as the beds 
of that part of Staffordshire (adjoining Derbyshire) are much contorted, the workings 
have a remarkable appearance in consequence. 

2 Y 
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other cavity, after some original condition of its contents, a subject 
itself of no slight importance. There are certain facts known 
which appear clearly to show material changes and modifications 
from a previous state of mineral veins, among which those from 
surface influences are often most marked. In veins where copper 
pyrites is abundant, for instance, the changes from decomposition 
often extend to depths more considerable than at first might be 
expected. This ore, essentially a combined sulphuret of copper 
and iron, when exposed to surface influences, becomes decomposed, 
sulphuric acid being apparently produced by the action of oxygen 
upon the sulphur, this acid then attacking the metallic parts of the 
ore under the conditions in which it is placed, in such a manner 
that sulphate of copper is removed, and the iron, in the ores, is 
left, forming eventually, from a continuance of the same influences, 
a hydrated peroxide of‘ iron, in which other substances, originally 
entangled in the ore, may still remain. To these hydrated peroxides 
of iron the term gossan has been applied by the Cornish miners,* 
and in them are sometimes found disseminated tin, silver, and 
some other metals, those which were mingled with the original ore 
of copper pyrites. Modifications of this kind would require not only 
a certain amount of geological time during which they could be 
effected, but also sufficient proximity to atmospheric influences. 
It will be evident, if geological changes should be such as to remove 
a large portion of the present surface in mineral districts, so that 
numerous bunches of ore in the veins should be, for the first time, 
exposed to atmospheric influences, that, to whatever other sources 
of change and modification the contents of the veins containing 
them may have been exposed, such newly-exposed portions would 
have to undergo the alteration noticed in the cases of copper pyrites, 
and that the copper in solution, as a sulphate, would percolate to 
some situation where it would remain as such, or suffer subsequent 
change. The attention of the observer will not long have been 
directed to the conditions of a vein containing gossan, above 
bunches of copper pyrites, before he will find that not only metallic 
copper, but also the oxides and carbonates of copper are somewhat 


♦ The German miners term this decomposed ore eheme Hut, and the French 
chapeau de fer, expressive names showing their higher position in the mineral veins. 
The former say — 

“ Es ist nie ein Gang so gut, 

Der tragt nicht cinen eisernen Hut.*’ 

t Several of the gossans in Cornwall have been found to contain silver, though 
this metal has not always been obtained in quantities sufficient to be profitably worked. 
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frequent between them, as well as in situations where it may 
readily have happened that a solution of sulphate of copper, derived 
from decomposed copper pyrites above, could find its way. He 
may often, moreover, see the metallic copper in chinks and other 
situations, reminding him of the deposit of copper by the electrotype 
process from solutions of the same kind. He thus has to consider 
the vein and its walls with reference to their electrical conditions. 
If metallic copper were thrown down in fitting situations, he 
would probably have no difficulty in inferring that the oxides 
resulted from the action of the oxygen contained in the surface 
waters, as part of the common air disseminated in them, and that 
the carbonates were formed by the subsequent action of carbonic 
acid also contained in the same waters.* Bearing in mind the 
mcxle of occurrence of the mixed ores of tin and copper of Cornwall, 
and that some of the mines were formerly worked for tin, with a 
prevalence of copper ore beneath, it may readily have happened 
that the stanniferous parts of such veins may once have been more 
rich in copper pyrites, and that the latter had been removed, in 
the manner above mentioned, and the tin chiefly left in the gossan, 
so as to render it principally stanniferous. 

Changes and alterations of a similar kind are, as might be ex- 
pected, found at the higher parts of veins containing other metals, 
especially of those the ores of which seem more or less easily acted 
upon by atmospheric influences. Thus on the backs of* veins con- 
taining sulphuret of lead, the carbonates of that metal maybe often 
found. M. Hausman has suggested that the change has been 
effected by the conversion of the sulphur of the sulphuret of lead 
into sulphuric acid, which, combining with calcareous matter, set 
free carbonic acid, that, in its turn, combined with the lead, 
forming the carbonate. In those cases where the veins of sul- 
phuret of lead are found amid limestone, and the carbonates in 


* The condition of many small Roman copper coins found a few years since near 
Aberystwyth, Cardiganshire, illustrated these changes with more than the usual 
evidence, though the common patina or erugo upon ancient copper coins also shows 
the same thing. Tlie pot in which the coins were buried was found not far from the 
surface, and the coins themselves had been exposed to the action of atmospheric 
influences ; the waters, containing common air and carbonic acid finding their way to 
them, had produced the red oxide of copper on the surface of some of the coins, beau- 
tifully crystallized, while on others the further change into the carbonate had been so 
effected as to present the usual mammillated character of malachite, sections of it 
showing the common variations in colour of that mineral. Illustrative specimens of 
these coins are now in the collections of the Museum of Practical Geology. Many 
ancient bronzes, when long exposed to the needful conditions, as has happened with 
most of those discovered at Nineveh, well illustrate the changes of the copper in 
them from the metallic state, through the red oxide, to the carbonates. 

2 Y 
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their higher parts are sufficiently common, this change may readily 
have been thus effected. 

In illustration of the conversion of the native sulphuret of lead 
into a carbonate, it may be useful to remark that in the under- 
ground refuse of the old workings* * * § of the Derbyshire mines, some 
of which may reach back to about 1700 years, f and which is still 
turned over for the ores it may contain, the small pieces of sul- 
phuret of lead arc found wholly changed into the carbonate, and 
the larger pieces are thickly coated with the same substance. The 
miners observe that in the places where there has been most water 
the alteration is most marked and considerable.J A further illus- 
tration of this kind of alteration is to be found in those cases where 
pieces of sulpliuret of lead are distributed in marl or loam, with 
fragments of limestone, in a few localities in the same district ; as, 
for example, at a mine named the Green Linnets, near Brassington, 
where pieces of lead ore appearing to have been detached from 
some neighbouring vein and distributed in the marl or loam, pro- 
bably at the tertiary period, arc found. The fragments of sulphuret 
of lead are sometimes wholly, at others partially converted into a 
crystalline carbonate of lead. Similar illustrations of cliangcs into 
the phosphate arc also to be well observed at the same mine, whole 
fragments of sulphuret of lead having been, in a like manner, con- 
verted into the phosphate of lcad,§ a substance also found not only 
in the higher parts of lead veins in other situations, but also at the 
depth of 150 feet and more, as, for example, at the Golden Valley 
mine, and at other places in the vicinity of Winster, Derbyshire. 

Calamine seems frequently little else than blende, changed in a 
similar manner, the sulphuret being converted into the carbonate 
of zinc, the sulphur having disappeared, and being replaced by 
carbon. The conditions under which a large propor- 
tion of calamine is so often found, especially in limestone districts, 
would appear to render this view extremely probable. In Talar- 
goch, Flintshire, it is seen now forming, and apparently from a 
decomposition of the sulphuret of zinc in the same vein, being 


* Among the ancient pigs of lead found in Derbyshire, one was discovered in 1777, 
at Cromford Moor, with the inscription, in raised letters, of IMP. CAES. HADRIANI. 
AUG. MEL LVL According to Mr. Pegge (Archseologia, vol. iv.), this pig may 
have been cast about the year 130. 

t This refuse, left in the workings, is locally known as Old Man. * 

X It should be noticed, with reference to this water, that it usually contains much 
bicarbonate of lime in solution. 

§ Illustrative specimens, exhibiting these modifications and changes, will be found 
in the collections of the Museum of Practical Geology. 


A 
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brought in solution, like bicarbonate of lime into limestone caves, 
and deposited in the workings of the mine.* 

Independently of these modifications and changes in the higher 
portions of mineral veins, there are others to be found occasionally 
in all parts of them, showing that the substances thrown down in 
them, or against the walls of the fissures have been again removed, 
their places either vacant, or replaced by other substances filling 
the cavities which were thus lef‘t. A large proportion of the pseu- 
domorphous crystals of different minerals has been thus produced — 
at least those of them which have, as it were, filled moulds pre- 
pared for them in a vein, by the removal of some first-formed 
substances, coated by others prior to such removal. Of this kind 
of change the observer may often study examples in the fissures 
and cavities of mining districts, as also in the half-decomposition 
and partial removal of various mineral bodies. Vein quartz is 
sometimes found as if it had been partially attacked by solvents 
and left in a highly-porous state, evidently from a loss of a portion 
of its substance, and not from the removal of more soluble sub- 
stances which may have been once included in it, a circumstance 
to be carefully investigated, since the latter has sometimes been 
clearly the case. 

In some veins the changes of conditions for the deposit and 
removal of mineral matter are highly interesting. Some circum- 
stances observed in the Virtuous Lady Mine, near Tavistock, 
Devon, a few years since, may serve to illustrate these changes. 
The fissure in which this vein occurred was very irregular, and 
sometimes the cavity between the walls extended to many feet. 
Upon the walls there had been first deposited, (1) a mixture of 
quartz and copper pyrites, the latter ol'ten crystallized, the original 
tetrahedrons so elongated as to form rough prisms with pyramidal 
summits ; (2) upon these, cubic crystals, often of considerable size, 
were accumulated, and were probably of fluor spar (fluoride of 
calcium) ; (3) an incrustation of carbonate of iron then completely 
covered the whole ; and, (4) the substance forming the cubes being 
dissolved and removed, and so as not to injure the carbonate of 
iron, (5) cavities were left in which silica and the sulphuret of 


* The composition of calamine is very variable. According to the analyses of 
M. Berthier, the carbonate of zinc varies in its ores from 30 to 90 per cent. ; the other 
substances in the ore being carbonates of iron, manganese, lead, and lime.. It often 
appears as if the carbonate of zinc had been deposited from solution, and was mixed 
with other substances thrown down at the same time, these commonly carbonates, the 
whole not unfrcquently deposited in veins amid limestones. 
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cjopper and iron (copper pyrites) entered and became crystallized, 
these latter minerals not, however, entirely filling the cavities. 
Thus, after the formation of the fissure, there appear to have been 
at least five changes of condition in that part of the vein where 
these facts were observed, during one of which the fluoride of 
calcium, previously deposited in a crystallized form, was removed, 
while its coating of* carbonate of iron remained uninjured. It is 
very desirable that modifications and changes of this kind should 
be carefully investigated, especially with reference to the structure 
of the rocks in which the fissures and other cavities may be found, 
and to the probabilities of any new fractures being the means of 
introducing new solutions or gaseous matters which should act on 
any substances previously accumulated in them. Not only will 
the observer have to study those more common pseudomorphous 
crystallizations where one substance is deposited, becomes coated 
by another, and is removed and replaced by a third substance, in 
the manner above noticed, but also the removal and replacement of 
certain minerals, as if molecule by molecule, the form of the origi- 
nal crystal remaining unchanged. With regard to the substitution 
of the carbonate for the sulphuret of lead, as previously mentioned, 
though fragments would serve to show this change, the original 
form of* the sulpliuret of* lead being still retained, crystals of the 
latter have been found completely replaced by the carbonate of 
lead, as for example, in Derbyshire, at a mine in the Long Tor, 
Matlock. Copper pyrites has been found in Cornwall and else- 
W'here, replacing carbonate of iron, the forms of the crystals of the 
latter completely preserved ; and numerous other changes are well 
known, where there seems no reason to suppose that the pseudo- 
morphous minerals have been the result of deposit in moulds, the 
latter removed, so that no ti*ace of them has been left,* though no 
doubt this is a circumstance to be regarded and carefully considered 
at all times in investigations of this kind.t 


* M. Becquerel, while noticing these changes, mentions the following fact as illus- 
trating their production from those analogous to cementation, to which he attributes 
an electrical origin. M. Darcet left a plate of steel during eight years in a case at 
the Mint, at Paris, in contact, by means of one of its ends, with a solution of nitrate 
of silver, which reached it very slowly from a fissure in the vessel containing it. One 
half of this steel plate was entirely changed into very pure silver, ofiering a resisting 
mass without the least trace of iron. The volume of the plate of silver was visibly 
the same with that of the plate of steel. 

f With reference to these changes, it may often have happened, as now, with 
certain solutions flowing over the surface of laud from fissures as springs, that the 
metalliferous matter in some of these solutions was borne away in a manner to be 
combined with some ordinary sedimentary deposits within moderate distances. In 
some localities deposits of this kind, forming bands in dotrital strata, may aid in 
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Examining the manner in which the substances have been 
arranged in the fissures, or other cavities, af‘ter the action regulat- 
ing the deposit of certain bodies against their walls, more upon 
some rocks than others, and the direction of the fissures themselves 
are considered ; the most simple mode of occurrence presented is 
that where a single substance may be found in them. This sub- 
stance may either have been derived from the adjoining rocks, by 
solutions formed in and percolating through them, such as is shown 
by quartz veins amid siliceous rocks, and calcareous veins among 
limestones, or be derived, such as the peroxide of tin, the sulphu- 
rets of lead, copper, and antimony, and other ores from other 
sources, strings even of metallic silver and larger breadths of 
metallic copper presenting themselves. In the first case it may be 
apparent from successive coatings of crystals, each pointing in- 
wards, and from both sides of the fissure, tliat the filling has been 
a work of time, during which the conditions only for the deposit 
of the single substance prevailed in the part of the fissure seen. 
The following section (fig. 291) will illustrate these successive 

Fig. 291. 


a c 



deposits, a h being a line of fissure, cutting through any class of 
rocks, d d ; successive coatings of a single substance, c ccc, filling 
it up towards the centre, where, for still further illustration, occa- 
sional cavities may be supposed to remain. The probability of the 
single substance so found being more or less directly or indirectly 
derived from the rocks traversed, will have to be weighed with 


assisting the geologist in the relative dates for the filling of fissures with ores in a 
district. For example, at the Hook Point, county Wexford, and also nearer the town 
of Wexford, the upper part of the old red sandstone series contains carbonate of 
copper mingled with vegetable remains, the bands with this interspersed carbonate of 
copper several times repeated. It might thence be inferred that this carbonate had 
been derived from veins of copper ores traversing the adjacent Silurian rocks, so that 
these veins were formed anterior to the deposit of the old red sandstone of that part 
of Ireland. In certain mining districts solutions of sulphate of copper ore sufficiently 
strong to produce marked effects among any ordinary deposits to which they could 
flow uninterruptedly for a long lapse of time. The cupriferous slates of Mansfield 
are well-known examples of detrital accumulations containing disseminated copper, 
usually copper pyrites, profitably worked. And here again organic matter is often 
mingled with the ore, reminding us of the mode of occurrence of certain iron pyrites. 
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reference to tlie conditions of the locality. If in a limestone 
country, such as the mining districts of Derbyshire, an observer 
found the successive coatings composed of calcareous spar, he might 
be led to infer that this substance was derived from the limestone 
beds, so abundant around, and in which the fissures may be formed, 
while, if composed of sulphate of baryta, a common mineral in 
parts of that district, he might be induced to seek other sources 
of supply. Should the single substance in a vein amid limestones 
be fluoride of calcium (fiuor spar), while he would see that an 
abundant supply of calcium was at hand to combine with fluorine, 
he might question the limestone having been the source of the 
latter substance in the quantities found in the veins. 

Single substances are not only found thus joining the walls of 
fissures together, but also cementing fragments which have fallen, 
or have been introduced into them, and sometimes in a manner to 
show that such fragments may have fallen in upon the cementing 
matter while it was being deposited, since they are, as it were, 
isolated, and suspended amid the cementing substance that may 
thus, not only bind those together which have clearly touched one 
another previous to its introduction, but also envelope some which 
are occasionally well separated from any others, and therefore could 
not have received support from them. The fragmentary condition 
of mineral veins is to be seen in some parts of most mining districts, 
and may often be as well studied in fissures* wherein the ores of 
the useful metals do not occur, and as they are exhibited in natural 
sections, such as in cliffs on the sea-coasts or inland. The cement- 
ing substance of fragments may be any of those contained in 


♦ In Cornwall, where fragmentary lodes are not uncommon (Report on the Geology 
of Cornwall, &c., p. 323), that of the Relistian mine was remarkable as showing 
rounded pebbles of slate and quartz (the latter from their character evidently having 
formed parts of some vein) cemented by peroxide of tin and copper pyrites. The 
chief mass of thfs conglomerate was about 12 feet long and as many in width and 
thickness, and was found in the lode (stanniferous) about 600 feet from tlie surface. 
Scattered pebbles of the same kind were discovered beyond the chief mass. In Wheal 
Badger lode, one near Relistian, pebbles of granite wore seen mixed with others of 
slatq and quartz; and Mr. Came mentions pebbles having been found in the tin lode 
of Ding Dong Mine, near Penzance, and in the lode of Wheal Alfred, near Guinear. 
The rounded state of these fragments renders them interesting, from showing that 
they had been introduced in tliat condition into the Ossure prior to the time when, in 
that part of the Bssure, at least, the deposit of the tin and copper ores was effected. 
In other respects the mode of occurrence is the same with the ordinary fragments 
cemented by similar substances. M. Fournet (Etudes sur les Depots Metallifcres) 
notices pebbles of gneiss as found in the vein at Joachimsthal, at tl^e depth of 192 
fathoms (1,152 feet). With respect to the fragments of the adjoining rocks in veins, 
as might be anticipated, they are usually more common when the fissure is somewhat 
inclined than when it becomes vortical, though they are also often discovered 
in the latter. 
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fissures, — as well the ores of lead, copper, tin, and the useful 
metals generally, as others. Where the fragments are those of 
rocks, which may be easily removed by decomposition from the 
action of solutions or gaseous matter in the veins, as for example, 
those of limestone by carbonic acid in water, cavities are then left, 
into which other substances, those found in other parts of the vein, 
may be introduced, in the same manner as the cavities left by the 
crystals above noticed have been filled by any other substances 
introduced into them.* 

The coatings of different kinds of mineral matter on the sides 
of fissures, as if from successive deposits of dissimilar substances 
from solutions in them, seem to have been first clearly pointed 
out by Werner, in 1791.t Among the examples adduced, he 
particularly noticed the vein at Segen-Gottes, Gersdorf, “ which, 
reckoning from the middle (composed of two layers of calca- 
reous spar, in which small druses here and there occur), thirteen 
beds of* different minerals are arranged in the same order on each 
side of the vein, these are fluor spar, heavy spar, galena, &c. In 
the southern vein, Gregorius, the two layers which adhere to the 
sides of the vein are composed of crystallized quartz ; next to these, 
on each side, is a layer of sulphuret of zinc, mixed with sulphuret 
of iron ; this is followed by sulphuret of lead, cai’bonate of iron, 
sulphuret of lead, carbonate of silver, red silver ore, and sulphuret 
of silver. The central part, which, of course, is most recently 
formed, is of calcareous spar.” J 

That this regularity should always be found, even in a fissure 
which has probably remained in its first state, as regards any subse- 
quent movement of sides, could scarcely be expected, more especially 
in cases where the walls opposite to each other may be formed of 
different rocks (when the fissure is a fault), or where, from any 
other cause, one side may have received deposits which the other 
did not. One main cause of difference often appears to arise f*rom 


* In the cases of fragmentary veins in limestone districts, interesting removals of 
the ordinary calcareous matter, with the preservation of organic remains in a frag- 
ment, may occasionally be seen. A good example of tliis fact occurred in a large vein 
of peroxide of iron (hematite) in the carboniferous limestone near Wrington, Somer- 
setshire, where, from a somewhat considerable fragment containing a fossil coral, 
one common in beds of the fissure above, the ordinary calcareous matter had been 
removed, probably by the action of water containing carbonic acid derived from the 
atmosphere, and the parts so removed were rej)laced by the peroxide of iron of the 
vein, so that the piece of fossil coral, preserving all the angular character of the 
original fragment, appeared in the midst of the vein of iron ore. 
t “Theory of Mineral Veins,” published at Freiberg, in 1791. 

X Ibid, chap, iv., sec. 52. 
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that of the rocks on each side, a deposit, first formed on one, con- 
tinuing to receive additions to it in preference, according to the 
circumstance previously noticed as to deposits from solutions 
(p. 374). 

The geologist, when studying the contents of fissures in mining 
districts, where so many small strings of different substances are 
found in chinks and cavities, more or less in connexion with the 
main veins, or even in them, will have his attention arrested by the 
evidences of many main fissures having been moved more than 
once, while the new cracks thus produced have sometimes not only 
traversed any mineral deposits which may have been previously 
formed in the fissure, in its first state, but also the adjacent country. 
Werner seems to have been aware of' this circumstance when he 
remarked that “we meet with distinct examples of new veins 
formed in the direction of those of older date (either within their 
substance or by the side of them), forming with them the same 
individual substance.”* Very material changes and modifications 
of veins may thence arise, both as to the decomposition and removal 
of substances previously in the fissure, and the introduction of’ other 
mineral matter, f Good evidence of such movements, independently 
of the first contents of a vein being traversed, these contents form- 
ing as much a part of the walls of the subsequent fissure, as any 
other portion of the mineral mass broken through, will be often 
found in the mode of occurrence of the contents themselves, even 
where these still retain a certain parallelism to each other. Thus, 
in the following section (fig. 292), part of the lode at Wheal Julia, 


Fig. 292. 
/ 



/ h 


♦ “Theory of Mineral Veins,” chap, v., sec. 55. 

t When describing the successive openings of the veins near Pontgibaud, M. 
Foumet (Etudes sur les Depots Metallifcres) points out that deposits of different 
mineral substances, or modifications of such substances, are seen to characterise five 
of the six successive dislocations which he was enabled to trace, tlic sixth being 
marked by the introduction of pebbles and sand, a continuation of the accumulation 
which still covers the country in many places, and which is itself covered by the 
lavas of the extinct volcanos of Louchodicrc and Pranol. 



Ch. XXXVL] several movements in the same fissure. 699 

Binner Downs, Cornwall, the central deposit of quartz crystals, 
pointing inwards to e, is only one of four other similar arrange- 
ments of parts, 5, d, gr, and A. To effect this crystallization, the 
increase of the crystals having taken place inwards, five different 
openings, at different times, have been effected, so that the needful 
walls for the commencement of crystallization in each case could be 
afforded. Without additional evidence, such as the openings in 
other parts of the vein, or amid the adjoining rocks, might present, 
it would be difficult to determine which of‘ these openings might 
have preceded the others. Commencing on the left, a, the section 
gives a layer of copper pyrites and sulphuret of zinc (blende) upon 
the wall of the lode in that direction ; to this succeeds quartz 
crystals pointing inwards, I ; indurated argillaceous matter, c, and 
another collection of quartz crystals pointing inwards at d ; then a 
set of crystals, e, commencing on either side upon a layer of 
crystallized copper pyrites and zinc blende, f /, first lining the 
opening in which this arrangement is seen. Still proceeding from 
left to right, quartz crystals have been deposited upon another 
cavity, leaving an open space at ff {vug of Cornish minors), these 
succeeded by layers of quartz crystals, pointing inwards at A, resting 
against the wall of the vein in that direction. Examples of this 
kind, with considerable modifications, could be readily multiplicnl 
to a great extent. 

With reference to the occurrence of lines of different substances, 
when they do not resemble each other on both sides of a vein, 
though it may be suspected that there has been more than one 
movement in the fissure containing them, after its first production, 
the evidence is often by no means so clear. As, for example, in the 
subjoined section (fig. 293) of part of a lode at Godolphin Bridge, 


Fig. 293. 
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Cornwall, where a represents a layer of quartz resting against the 
wall of the vein in that direction, h quartz crystals pointing inwards, 
and based on agatiform bands of silica on either side, c Cy and cZ is a 
thick layer of copper pyrites, mingled with some quartz. At b 
there appears decisive evidence that when the silica there found 
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was deposited, the walls of the opening extended from 1 to 2 ; but 
in the absence of any arrangement of parts showing that the copper 
pyrites, with its quartz, had 2 for one of its walls, it could not be 
proved that there was a distinct opening between 2 and 3, in which 
it was accumulated. It may have happened that the copper pyrites, 
with some intermingled quartz, was deposited against the wall of* 
the vein on the right, while quartz only was accumulated on the 
wall to the left. 

With respect to the movements producing these parallel arrange- 
ments of parts, without much, if any, evidence of the previous 
mineral accumulations in the veins having been broken or disturbed, 
it will soon be found, while studying those fissures which are not 
simple cracks, but faults (p. 649), that this may be produced by 
the mere slipping of the uneven sides of the fractures, with certain 
intervals of repose between each movement, so that mineral matter 
might be deposited in the cavities during each period of repose. If 
a 5 in the annexed diagram (fig. 294), represent a line of* fissure, 


Fig. 294. 




c 


and a movement be effected so that one side, a' b\ be slid in a 
manner by which the parts o o o o touch, supporting the pressure 
on either side of the fissure, cavities will be formed at c (? (?, and at 
c?, the latter somewhat more extended than the first. If the 
movement has taken place in a contrary direction, to the lef*t (as in 
the third line), to the same amount as previously to the right, the 
openings, c c, would be more considerable, so far as respects the 
illustration given, and the points of contact less numerous.* 

In a fracture across rocks, the irregularities of the fissures being 
usually in a variety of* directions, and the points of contact in con- 
sequence variously situated, the general inequality of the walls of 
veins has to be regarded. 

When movements have been considerable, a polish and striation of 


* If a piece of paper or card be cut in this, or any other manner, representing the 
section of an irregular fissure, os such fractuics more or less arc, and the pieces be 
slid on a table, so that parts of the cut iiapcr touch each other, this illustration will 
readily be seen. 
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the sides have often been effected, the striation corresponding with 
the direction of the movement ; evidence of importance when that 
direction may not be clearly seen by the bedding or other mode of 
occurrence of the rocks fractured. In fissures where there has 
been more than one movement they are also valuable, especially 
when the evidence of crystallization having taken place at separate 
times in different cavities being absent, the contents of the veins 
themselves exhibit this striation and polish in given directions.* 
In illustration of* movements not marked by considerable dislocations, 
yet where successive new apertures or cavities have been formed, 
filled either in the manner above noticed, crystallization towards 
the interior spaces affording evidence on this head, or where simple 
polish and striation may appear, perhaps the following diagram 
(fig. 295) may be useful. If « i be a fissure, and the portions of’ 


a Jb’ig. 205. 



separated rock, m n, slide against each other, so that the beds at n 
are lowered to c along the line of the fissure, touching in sufficient 
points for support, until a fresh set of cavities be formed, repre- 
sented by the dark portion, b, and these cavities be filled by 
mineral matter, a further movement in the same direction would 
cause friction on these contents which would thus constitute an 
uneven surface towards the side n. Assuming these contents 
somewhat solid (they may be even more so than the sides of the 
old f’racture), this second movement might extend, for illustration, 
to sufficient points of support existing as before, so that the 
cavities d were produced. A third movement taking place, after 

* When either the striation or iiolish has been effected in accumulations of ores 
themselves, or coatings of ores have covered them over, taking as it were a cast of 
them in their uninjured state, these polished and striated surfaces are commonly 
termed slickensides. 
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these second cavities were filled, similar results would follow, and 
a third set of cavities, /, would be filled. These successive settle- 
ments or movements of the masses of rock, divided by fissures, are 
seen in some localities to have been very frequently repeated. 

When the fissures are more complicated, so that not only the 
different cavities have been subsequently filled by the introduction 
of mineral matter into those formed by the mere sliding, at 
intervals, of the rocks on one side, but fractures also traverse the 
substances variously accumulated in them, and are not confined to 
them, extending to the adjacent rocks on either side, even breaking 
the walls into fragments, and the whole is again cemented by mineral 
matter newly introduced, the study of the contents of such fissures 
requires no little caution. In such cases a careful search for the 
substances traversed will usually lead to the information sought, par- 
ticularly when combined with any evidence that can be obtained 
from fractures in the adjoining rocks. If in the subjoined section 
(fig. 296) r r represent the rocks on either side of a vein ; a, an 

Fig. 296. 



arrangement of quartz or other crystals, showing the filling of a 
separate cavity now occupied by them; 5, another and similar 
mode of occurrence of any crystallized mineral ; e?, copper pyrites, or 
any other substance separated from another, e, by a surface of* polish 
and striation {slickemides)^ d, and the whole be traversed by a 
string of some other body, /, such as sulphuret of zinc, then 
independently of the evidence of separate movements, as shown 
by the two sets of crystallized substances, a and 5, and the polished 
and striated surface, d, between the substances c and e, another 
movement would be shown by the string of mineral matter,/ g, 
more especially if, as in the figure, a kind of small shift of the 
various substances, including the walls of the rock originally 
divided, has been effected. In this manner many decompositions 
of the substances first introduced into fissures seem often to have 
taken place, while mineral matter, new to its contents, has been 
introduced. 
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We have hitherto supposed the successive movements to have 

been effected in planes either corresponding with those of the 

original fractures, or not far removed from them. As has been 

shown, veins traverse each other at considerable and even right 

angles, one series being formed subsequently to another, as proved 

by the contents of one vein forming parts of the walls of the other 

(p. 654). In such cases the study of any change which have 

taken place in the veins cut through is one of much interest in 

itself, and is still more so when combined wdth any modifications 

found in the contents of the traversing vein. It sometimes occurs 

that the mineral matter in the traversed vein is much modified, so 

that, independently of any removal of its parts into the new cavity, 

it might appear as beneath (fig. 297), where the vein a b being 

cut at a considerable angle by 

o J Fig. 297. 

another, c d, 2 i movement of cer- ' ‘ ^ 

tain substances from b to e, and a // 

removal of* similar substances from 
y* to a, is supposed to have oc- 
curred, so that if the vein c d 
were again removed, the parts ® // 

broken through would not cone- // 

spond to the same extent that they II 

did prior to the second fracture. ^ 

When the mineral matter is apparently moved on the one side, and 
on the other ore is sought by the miner, this becomes at once 
known ; but it will reward the attention of an observer, not only 
study the veins with reference to ore, but also to all the substances 
so traversed. It is also important to direct his attention to the 
deposits of any substance or larger bodies of them where the walls 
may be formed of the contents of a first-formed fissure, since these 
then occupy the position of any dissimilar rocks (p. 679), and may 
be found favourable or unfavourable to the deposit of some given 
substances, whether ores of the useful metals or otherwise. In some 
mining countries certain mineral substances are found more 
abundantly where one vein crosses another, or within moderate 
distances from the intersection, than elsewhere in such veins. 

When engaged in this investigation, it becomes needful well to 
consider the fact, so commonly observed in mining districts of 


various parts of the world, that where two or more veins come 
together at a moderate angle, the ores of the useful metals sought 
in them usually occur more abundantly than elsewhere. This may 
be far from constant, nevertheless the percentage of instances in 
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which this happens is so considerable as commonly to have arrested 
the attention of the miners in numerous districts. The circum- 
stance has been remarked as well when the fissures cut each other 
somewhat vertically, as beneath (fig. 298), representing a vertical 

Fig. 298. 



a (North), (South) surface of the country; /, e, north lode ; <7, r/, iron shaft lode ; 
r, their intersection, where the riches of the mine were improved , s s, slate traversed 
by the lodes, 

section of the lodes at East Wheal Crinnis Mine, Cornwall, as where 
they traverse each other somewhat horizontally, when a plan 
resembling this section would also suffice for numerous examples. 
Even a large horse^ has been observed to afford more ore at the 
sharp ends of the fragment than in otlier adjacent portions. The 
miners often give the significant name of leaders to the contents of 
small fissures ranging out from a main fissure, it frequently, 
though by no means constantly, occurring that a bunch of ore is 
found where they unite. 

When the geologist regards tlie infiltration of solutions into 
cavities of various kinds, the deposits of different mineral sub- 
stances in such cavities, whether fissures or otherwise, the selection, 
as it were, of certain rocks by them, and the various modifications 
and changes which the arrangement of the different kinds of mine- 
ral matter found in such situations have sustained, he will probably 
be led to consider the general subject as one of no slight scientific 
interest, while, at the same time, the investigations into which he 
will have to enter also possess no little importance from their direct 
bearing on the discovery and extraction of many substances so im- 
portant to the progress of mankind. 


* This term is applied in many of our mining districts to lar^e fragments in 
mineral veins, portions of the adjoining rocks, which, from a complication of the 
fracture forming the main fissure, become isolated and jammed in between its sides. 
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PARTIAL REMOVAL OR DENUDATION OF ROCKS. — GREAT DENUDATION 
ARISING FROM THE ACTION OF BREAKERS. — ANCIENT EXPOSURE OF THE 
AREA OF THE BRITISH ISLANDS TO THE ATLANTIC. — CARE REQUIRED 
RESPECTING THE AMOUNT OF DENUDATION OF OVERLAPPING ROCKS. — 
ISLAND MASSES OF DEPOSITS LEFT BY DENUDATION. — DISTRICTS OF BENT 
AND PLICATED BEDS WORN DOWN BY DENUDATION. —NEW SLICES OF LAND 
NOW BEING CUT AWAY BY BREAKER ACTION. — AMOUNT OF MATTER 
REMOVED BY DENUDATION IN PARTS OF ENGLAND AND WALES. — NEEDFUL 
ATTENTION TO THE GREATER GEOLOGICAL PROBLEMS. 

Although mention has often been previously made of the partial 
removal of the mineral accumulations of various geological times, 
and this has been relerrcd to the action of breakers on coasts, to 
the decomposition of dilferent rocks by atmospheric influences, and 
to their erosion and subsequent transport by running waters, a lew 
words on geological denudation, regarded by itself, may be usefully 
added. Viewed with reference to the causes of the partial removal 
of rock accumulations, there arc few subjects connected not only 
with the present, but also many prior conditions of the earth’s 
surface in dilferent regions, which more impress the geologist with 
the great lapse of time required in cxplaniition of the facts observed. 
Making all due allowance for the abrasion and transport of an 
immense mass of mineral matter by means of atmospheric influences, 
the kind of smoothing or levelling of great areas so often found, and 
the isolation of portions of various dimensions, outstanding like 
islands from a kind of main coast composed of like deposits, of 
which they only constitute detached parts, so forcibly remind him 
of the action of breakers on land, that there seems much dilEculty 
in avoiding the inference that to this source of abrasion geological 
denudation is chiefly due. 

As an intermixture of land and water is needed in explanation 
of the production and distribution of detrital matter at all geological 
times, and as tides, or the absence of them, would be produced by 

z 
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the action of the same causes as at present during the same lapse of‘ 
time> so far the general causes for the abrasion of land^ at the margin 
of waters, would have been always the same as now. Winds, how- 
ever, being, with the exception of such movements as those of 
earthquakes, the cause of the waves which break on coasts, to them 
the geologist has to look for the continued disturbance of water, 
where its surface so cuts the land as to permit the abrasion re- 
quired. As the winds of the present day are arranged generally in 
their courses by the action of the sun on the earth, and the move- 
ment of the latter around its axis, the observer has to consider 
whether the former has ever been less or more intense than it now 
is (assuming the rate of the latter, for better illustration, to have 
remained the same), or whether counteracting or modifying in- 
fluences, such as a temperature sufficiently high of the whole sur- 
face of our planet to prevent the present differences of heat arising 
from the sun, have h^ an appreciable effect in that direction. He 
has thus to see if there be evidence of breaker action at different 
and especially at early geological times. The facts noticed as to 
beaches adjoining land in the midst of the accumulations of so early 
a date as that of the Silurian series (p. 475) may satisfy him that 
breakers were in action at that time as now on sea-coasts. 
Evidence of the like kind being seen amid detrital deposits of 
various geological periods, the geologist may feel assured that from 
the earliest times when the remains of marine life were entombed to 
the present day, breaker action was in force. 

Being satisfied that this action has been an important geological 
agent for so long a lapse of time, the observer may be induced 
to inquire from such evidence as may present itself, if any 
particular exposures to great oceans can be traced. Assuming 
winds to produce the ordinary waves breaking on shore, and that 
the present causes of the general arrangement or modification of 
land and sea have continued far back into geological time, the 
greater the ocean exposure of given coasts to prevalent and strong 
winds, the greater, all other conditions being equal, would be the 
abrasion experienced. Hence it becomes important to study denu- 
dation in connexion with evidence as to the distribution of land 
and sea at different geological times, and especially as to the direc- 
tion in which great portions of the ocean of any of those times may 
have been situated. We have been often struck, while examining 
the geological structure of different portions of the British Islands, 
with the length of time during which the various modifications of 
coasts attending the elevation or depression of the area at different 
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periods, above and beneath the level of the sea, may have been ex- 
posed to, or sheltered from, such an ocean as the Atlantic on the 
westward. The position of the conglomerates of the new red sand- 
stone time, arranged against and around the older rocks of the 
Mendip Hills, and portions of the adjacent country (fig. 167, 
p. 478), remind us, while on the spot, very forcibly of an exposure 
to a considerable range of water on the westward. Kespecting surfaces 
of land left by various denudations at more recent times, the im- 
pression as to a great exposure to western waters is still greater, in- 
land cliffs presenting themselves precisely where they would be 
expected, and even the shelter derived from protruding land being 
found. In illustration of this circumstance, an observer regarding 
the present escarpments of the oolitic series, including the lias, from 
their comparative shelter on the eastward of the high land of Wales 
to the English Channel, cannot fail to be struck, making aH due 
allowance for subsequent changes arising from atmospheric in- 
fluences, with the mode of occurrence of the old cliffs, and of their 
character, according to exposure or shelter, where the Mendip Hills, 
and other elevations of the same character, would modify the force 
of the great Atlkitic waves breaking on such a range of coast. 

The removal ef portions of the accumulations of various periods, 
extending back in time to those of the Cambrian series in our 
islands, is something very considerable, and to be measured by 
thousands of cubic miles of mineral matter. In Ireland, the 
abrasion of the Silurian rocks, anterior to the conglomerates of the 
old red sandstone, is well marked. Large surfaces were evidently 
there shorn down by denudation previous to, or at that time, the 
granitic protrusions then existing in parts of that land being also 
cut parti^y away, and having from that period to the present been 
exposed to abrasion and loss of volume whenever brought within 
the range of the breakers, or raised up within the influences of the 
atmosphere. In regarding, therefore, such masses of mineral mat- 
ter, the geologist has before him the results of‘ many partial removals 
of rock accumulations, and sees the remains only of many modifica- 
tions of surfaces, wrought by denudations during a long lapse of 
time. 

In estimating any amount of matter which may have been re- 
moved, either from igneous rocks or from deposits formed by the 
aid of water, much care is sometimes needed, so that a correct 
estimate may be formed of the probable prior arrangement of the 
parts of it. This is especially necessary when a series, or parts of a 
scries, of deposits may extend over or conceal another, or portions 
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of itself, otherwise, by supposing an extension of accumulations in 
directions where they never existed, far more mineral matter might 
be inferred to have been removed than has been the case. For 
example, the old red sandstone of Herefordsliire, South Wales, and 
parts of southern Ireland, so occurs, that, viewed as a whole, the 
higher portion gradually overlapped or passed over a variety of 
older and subjacent beds in a southerly and westerly direction, a 
relative depression of land and sea bottom in that direction having 
probably been the cause of this overlap.* In such a case the 
probable range and limit of* the conditions for the deposit of this 
liigher portion of the old red sandstone have to be carefully es- 
timated, so that the removal of matter, never deposited, may not 
be inferred. It fortunately happens that, in southern Pembroke- 
shire, the extension of the old red sandstone, at the time of the 
deposit of the carboniferous limestone of the same district, can be 
clearly seen at Slebech, the latter there overlapping the sandstone, 
as, in like manner, in the same county, the extent of the carboni- 
ferous limestone, at the time of the accumulation of* the lower part 
of the coal measures, can also be well observed at the overlap of the 
latter over the former, near Haverfordwest. The fbllowing section 
(fig. 299) may serve to illustrate the need of caution on this sub- 


Fig. 209. 



ject. If a 5 be a series of consecutive detrltal deposits, formed 
under conditions which allowed them completely to cover each 
other, so far as the area represented in the section is concerned, 
and c, d, be other accumulations, formed after a movement, in 
the direction of S, had lowered that end of the deposits a 6, so that 
c, c?, e were successively formed in planes parallel to each other, 
but at an angle with that of a J, the successive extensions of c, d, 
and in the direction a, being governed by causes such as a line of 
coast, and its gradual depression beneath a sea level in that direc- 
tion, the rocks {?, cZ, and e, would gradually spread beyond, or 
overlap each other towards a. If now, from subsequent breaker 
action, atmospheric influences, and final elevation of the mass as 
now' found, a surface should be exposed corresponding with the 

^ Part of this overlap will bo seen by reference to Sheets 38, 40, of the Geological 
Survey of Great Britain, and also to the small General Map of South Wales, inserted 
in the “ Memoirs of the Geological Survey,” vol. i. 
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line fg, a section of the following kind (fig. 300) would be obtained, 
one very deceptive, without caxe and attention to the general geo- 
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logical structure of the country as to the prior extension of the beds 
(?, dy towards inasmuch as a vast extent of country composed 
of them might be assumed as shorn down in that direction, and a 
mass of mineral removed, which never existed.* 

It thus becomes essential, when endeavouring to estimate any 
mineral matter removed by denudation, carefully to weigh the 
probability of the conditions under which the accumulations, sup- 
posed to bo removed, may have extended. We may here again 
refer with advantage to the small area represented in the map of 
the Mendip Hills and adjoining country (fig. 1G7, p. 478,) for 
illustration on this head. Upon the portion of* country wliere the 
new red marl and sandstone (5) occupies the surface, several 
isolated patches of lias (6) may be seen distributed. These patches 
are only the remains of beds which once continuously covered the 
former deposits, and joined the main mass of the lias seen on the 
southern portion of the map. The mode of accumulation of tliis 
lias, and its modification where adjoining the dry land of the time, 
have been previously mentioned (p. 481). It is sufficient here 
remark, that while this rock was thus modified near the Mendip 
Hills, it stretched away with common characters in other directions, 
patches of it being found in various other localities scattered over 
the prior and subjacent rocks, such being the remains of a wide 
area once occupied by this deposit. As with the lias, so also with 
the accumulations which immediately succeeded it— those of the 
inferior oolite (7, fig. 167), detached patches of which are also seen 
isolated upon prior-formed rocks, such patches once portions of a 
continuous deposit in a sea. One small islet of inferior oolite will 
be observed towards the left comer of the map (fig. 167). Other 
patches will, however, be seen at Dimdry and Brent Knoll, by 
reference to more extended geological maps. By careful examin- 
ation it is found that the mode of occurrence of their component 



* Those who have examined the escarpments of the coal measures, carboniferous 
limestone, and old red sandstone, on the northern boundary of the great coal districts 
of Monmouthshire and South Wales, will at once see the application of these sections. 
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beds is such as to point towards their termination, as a deposit of 
the time, at no great distance westward, so that when considering 
the mass of mineral matter removed by denudation in that direction, 
with reference to the general structure of the district, due allow- 
ance has to be made for this probable termination of these rocks 
westward. As illustrative of denudation towards the termination 
of accumulations, the following section (fig. 301) may be useful. It 


Fig. 301. 

Main Down, Wlveliscombc. Castle Hill. 



is one of the country near WiveUscombe, Somersetshire, d d being 
rocks of the Devonian series, disturbed and denuded anterior tf) 
the accumulation of the sandstones, 5, of the new red sandstone 
series of that district, and of a conglomerate, a a, composed of 
rounded portions of the adjacent disturbed rocks, d d, cemented by 
calcareo-magnesian matter. In this case, the former continuous 
portion of the conglomerate a a, and of part of the sandstones 
beneath it, 5, have been removed by denudation, not only from 
the minor valley, v, but also from the larger surface hollowed out 
between Main Down and Castle Hill. The conglomerates, a a, 
have thus been cut off, as it were, from the source of their pebbles, 
the country towards Main Down, the portion left being only the 
remains of a once continuous accumulation of them, probably along 
a line of coast existing at that time at a short distance westward. 

Notwithstanding these modifications required in our estimate of 
the amount of accumulations removed in some districts, there often 
remains so great a gap in the connexion which evidently once 
existed between portions of deposits in others, that, collectively, 
the removed portions can only be satisfactorily measured by a con- 
siderable amount of cubic miles of missing mineral matter. The 
smoothing off of the surfaces of even the most disturbed deposits, 
portions of these deposits now variously consolidated, and apparently 
possessing that character when so worn down, is often to be foimd. 
The coasts of northern Devonshire, where the variously-consolidated 
beds of the lower coal measures are so much bent and plicated, will 
afford the geologist excellent oportunities for observation. It is of* 
the order represented opposite (fig. 302), where a, J, being the sea 
line, cliffs, <?, are exposed, showing numerous flexures, the continua- 
tions of which can be readily supplied by the dotted lines above the 
present surface of the land, d, and beneath the level of the sea, a, b. 
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The importance of cliflFs, either inland or on the sea-coast, in 
properly appreciating the matter removed from a district presenting 

Fig. 302. 



no very great differences of surface elevation and depression (mere 
common undulations of country), is very considerable. Without 
them the observer might often be uninstructed as to the real 
amount of flexure and plication planed down and concealed beneath 
the ordinary smooth surfaces exposed. Of this the following 
(fig. 303) is an example. It is a sketch, from Trenance Point, of‘ 


Fig. 303. 



High Cove, on the north coast of Cornwall, exhibiting a section of* 
hard sandstones of the older rocks of that coimtry worn down, 
probably, by the same kind of heavy Atlantic breakers which are 
now cutting off a further slice of these ancient accumulations down 
to a newlevel.* 

By consulting the geological maps of various lands, when such 
maps have been carefully prepared, abundant evidence will fre- 
quently appear of the surface denudation to which very extended 
areas have been exposed. Taken alone, without carefully con- 
structed sections, and a due regard to the circumstances above 
noticed, no very accurate estimate can usually be formed. 

* With regard to the present action of breakers thus, as it were, removing new 
slices of deposits, whether contorted, or in their original planes of accumulation, it 
not only effects this, but also, when the conditions for the elevation and depression of 
masses of land have been favourable, will cut away the accumulations of former times 
BO 08 to restore old worn surfaces. Of this examples may be seen on the shores of 
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We may, indeed, infer, when we find, as at Orleigh Court, 
near Bideford, Devon,* a part of the lower portion of the 
cretaceous series, possessing all the essential characters of the same 
portion when last seen in mass to the eastward, at the Black Down 
Hills, forty-two miles distant, that the whole intermediatie country 
was once covered with the sands and chert, of which this portion 
of the cretaceous series in that part of‘ England is composed, so that 
by taking a given area and the thickness of the accumulation, the 
number of cubic miles of* the deposit removed by denudation may 
be approximately estimated. When, however, we have to deal 
with a bent or contorted set of beds in a considerable area, it is 
only by very carefully following these flexures and contortions 
that any fair approximation to the matter removed from the general 
mass can be made. The various bends and contortions must not 
only be properly ascertained, due allowance being made for frac- 
tures at the extreme parts of flexures (p. 642), but also the amount 
of faults that liavc occurred, and which may interfere with these 
flexures and plications, should be caref'uUy considered. 

As a locality, easily visited, and having the advantage of coast 
sections not far distant from each other, the Isle of Wight may be 
regarded as by no means ill-calculated to instruct the student in 
denudation ; the more especially as the present effects of* breaker 
action, according to the exposure of the coast to it, and the relative 
resistances of the rocks composing that coast, can be so well observed. 
From a somewhat sharp contortion, ranging in an cast and west 
direction, from Culver CliflT to the Needles Rocks, many tertiary 

the Bristol Channel in several places (Aust Passage, Bendrick Rocks, &c.). The 
following section (fig. 304), near Portishead, exhibits beds of coal measures, a, a, 
e d 



stone, ft, the part towards e being now swept by breaker action, which has cut away 
the beds, ft, to the cliff, ; a portion being, for the present, left at c, and thus a paii; 
of an old surface becomes again exposed at the level of the sea, «, «, after a long lapse 
of time. 

As to denudation generally, which has removed large portions of the deposits 
now exposed on the surface of land, the observer will find numerous illustrations in 
preceding figures, viz., figs. 7, 10, 11, 15, 47, 57,79, 80, 95, 109, 136, 156, 158, 165, 166, 
169, 171, 174, 177, 181, 209, 212, 213, 217, 218. 

* See Geological Survey of Great Britain, sheet No. 26. 
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beds, resting on chalk, are thrown into a vertical position (well 
seen at Alum and Whitecliff Bays), the chalk itself near them 
highly inclined, even nearly vertical, but dipping at minor angles 
on the southward. All these tertiary beds are cut oiff by denudation 
on the south of the east and west contortion, there being little 
doubt that a considerable portion, at least, of them once ranged 
over the chalk in that direction. On the south of the highland of 
chalk, left from its better resistance to denudation, along this sharp 
contortion, the mass of rocks is curved into a low arch, and the 
chalk itself and inferior beds (upper greensand, gault, and in two 
situations, east and west sides of the island, the lower greensand) 
have been removed by denudation, portions of the chalk remaining 
upon the high ground of St. Catherine’s, Eew, and Boniface Downs, 
on the south of the island. The observer, placed on Ashley or 
Arreton Down, southward from Eydc, may have an excellent view, 
on the south-west, of the break into the arch, made by denudation, 
between the chalk of Chillcrton Down and St. Catherine’s Down, a 
long ridge of upper greensand (harder there than on the north) 
stretching out from the latter. The volume of mineral matter 
removed by denudation, including part of the tertiary rocks, in 
the lower country, between the high grounds extending from 
Culver Cliff to the Needles and the heights of St. Catherine’s, 
Eew, and Boniface Downs, must, in some places, be from 2,000 
to 3,000 feet thick. 

Availing himself of the observations made on the Geological 
Survey, Professor Ramsay has pointed out the vast mass of matter 
which has been removed by denudation from bent and contorted 
portions of South Wales and the adjacent English counties, the 
amount of which may to a certain extent be estimated.* Taking 
the evidence obtained respecting the thicknesses of the various 
beds of Silurian rocks and their curvature, in the Woolhope dis- 
trict (fig. 305), he infers that, if the amount of mineral matter now 
removed were restored, so as to complete the section of the manner 
in which the rocks probably occurred at the time they were bent, 
it would give them the great additional height of about 3,500 feet. 
Employing the same kind of evidence for the old red sandstone, 
carboniferous limestone, and coal measures of the Mendip Hills 
district, the Professor considers that an additional mass of accu- 
mulations, 4,000 feet in thickness, would be required above the 
Mendip Hills to supply the place of beds removed by denudation. 


* “ Memoirs of the Geological Survey of Great Britain,” vol. i., p. 297. 




Fig. 305. 
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s Sea level ; a a a, Carboniferous Limestone b b b, Old red sandstone ; c c, Silurian Rocks ; P, Pembroke Creek ; 

Cliff on the left, S b, St. Govan’s Head. 

The dotted lines, above the sea-level, show the amount of matter removed by denudation from these portions of country. 
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and another of 5,000 feet, for the denudation of the same rocks on 
the north of Bristol.* The annexed section (fig. 306) is one of 
those given in illustration of this subject, and will serve to exhibit 
the disturbed beds of carboniferous limestone, old red sandstone, 
and Silurian rocks, shorn down by denudation in the slightly 
elevated district of Southern Pembrokeshire, as also, with every 
allowance for numerous fractures and gaps in the higher part 
carried oflT, the great mass of matter thus removed. 

Viewing such considerable denudations, quite as readily seen in 
many other, and distant regions, as in the minor districts noticed, 
and combining them with the elevations and depressions of land 
that have taken place at all geological times, sometimes slowly 
moving large surfaces above and beneath the level of the sea, at 
others squeezing and folding various mineral accumulations into 
great ranges of mountains, the geologist will be at no loss for 
evidence, not only that the surface of the earth has long continued 
in an unquiet state, but also that the same amount of mineral 
matter may have been repeatedly employed in part, or as a whole, 
in the production of deposits spread over various areas for the time 
being, these deposits either fossiliferous or without organic exuviae, 
as the conditions for the preservation of the remains of the animal 
and vegetable life of different times, may or may not have pre- 
vailed. As considerations of this kind constitute a part of those 
which lead to the most extended views, by the aid of which we 
endeavour to trace back the past conditions of our planet, they, and 
the class to which they belong, tending, as they do, to keep atten- 
tion alive to the greater problems, while the detail necessary for 
their solution is collected, cannot be too frequently present to the 
mind of the geological observer. 


* Referring to the reduction of the Horizontal Section of the Geological Survey, 
Sheet 17, extending from Glastonbury Tor, across tlie Mendip Hills, by Clifton, 
Bristol, to the flat land at the Severn, and to the sketch for filling up denudation, 
pi. 4, fig. 4, in the “ Memoirs of the Geological Survey,” vol. i. 
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Geological Maps and Sections — Though an observer may be supposed 
usually to have access to the best maps of any country he may examine 
geologically, and, in general, to find such maps containing the information 
which is desirable, as well respecting the natural physical features of the 
country, as the artificial modifications of, or arrangements on, its surface, so 
that he can always ascertain his exact position, and possess the power of re- 
cording any circumstances considered sufficiently important in their true re- 
lative places on such maps ; it, nevertheless, sometimes happens that the maps 
of a district are inaccurate, or do not contain those things which are needed. 
A geologist will not long have endeavoured to record his observations upon 
maps, before he will ascertain that many a beautiful engraving may be 
worthless, while some coarse, unpromising plan may be most valuable. In 
case of need, therefore, it becomes important for an observer to be so far 
skilled in the constniction of maps, as not only to be able to correct one 
which may be imperfect in an efficient manner, but also to make such a 
sketch of ground as may suffice for his purpose. A knowledge of the kind 
of surveying commonly termed military drawing, will be found most 
advantageous for his progress. He will scarcely accomplish much on this 
head by the aid of books alone, and therefore should study it in the field. 
If possessing a good eye for form, he will by no means find the acquisition 
of this knowledge difficult, while he will soon perceive that it affords him 
great additional power in satisfactorily recording his observations. 

Even in many a map where the lines representing rivers, coasts, and other 
natural features, are exceedingly accurate, as also those showing the roads, 
canals, villages, and other artificial arrangements, are equally so, it too 
often happens that the relief of the ground, the tme forms of the inequalities 
of surface of the hills.and mountains, is either not given, or so inaccurately 
that it would have been better if no attempts had been made to represent 
it."^ Now, the true relief of the surface of a district is often of the greatest 

* The method, too often adopted, of representing the lines of water-shed as those of 
the highest grounds in many regions, cannot be too much deprecated, leading, as it 
often does, to the most imperfect views aa to the real inequaUties of surface in them, 
and as to the action of those geological causes which have produced such inequalities. 
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value to the observer. It is only necessary for him to attempt a record of 
his observations upon maps with and without a correct representation of 
this relief, fully to appreciate the difference. A power, therefore, accurately 
to sketch in the forms required becomes of no slight advantage.* Much 
may be accomplished by the improved prismatk compass (care being taken 
in districts where rocks containing much protoxide of iron are present, such 
as many of those of igneous origin in which hornblende and augite prevail, 
which will divert the magnetic needle), and by some effective arrangement 
of a spirit level, by which close approximations to slopes may be obtained. 
For approximations to heights within a certain range, the aneroid barometer 
will be found useful, especially in regions where the mercurial barometer 
and sympesometer may not be easily carried, and where atmospheric changes, 
affecting such instruments, are not considerable. Possessing these simple 
instruments, and a fiiir knowledge of military drawing, the observer may 
make many a sketch of a country, the geological structure of which would 
otherwise have been imperfectly represented. 

Supposing the possession of a proper map, either previously made, or con- 
structed during the progress of his work, it is needful that a geologist should 
follow up the rocks he may be investigating, quitting them as little as 
opportunities permit, so that all connected with their modes of occurrence 
may be carefully ascertained, and all the points of importance be as care- 
fully entered upon his map. Without caution of this kind, very grave 
errors may readily be committed, inaccurate inferences being drawn respect- 
ing the mode of occurrence of accumulations, seen only at different and 
frequently distant points, which more detailed examination would have pre- 
vented, and this more especially in districts of highly-disturbed and broken 
rocks. As to the boundaries of the different mineral masses which it may 
be thought desirable to insert on geological maps, these necessarily depend 
upon the scale of the map on the one hand, and the view taken of their 
relative value on the other. Whatever the scale, it is desirable that the 
great distinctions considered important should be clearly apparent, and that 
the detail should be so represented as not to impede a correct view of them. 
It is better to select such portions of a map for enlargement as may be 
required for the illustration of any particular detail, than to sacrifice broad 
comprehensive views for the sake of its introduction when only really 
needed in particular localities. 

As with the objects to be represented on geological maps, so with the 
colouring employed upon them. Comprehensive, clear views should not be 

♦ With reference to the sketching of ground, the method of representing a hilly or 
mountainous country by lines, approximating to those of equal altitudes, as is shown 
by fig. 180, p. 493, will be found very serviceable for geological investigations, 
especially those where relative altitudes are important, or where the small inclinations 
of beds can only be measured by the heights they occupy, and at distances too con- 
siderable to be ascertained by instruments constructed to measure the dip of rocks 
(clinometers). The contour lines, or those of equal levels, upon some of the Ordnance 
Maps in England and Ireland, and so valuable for many purposes, form an accurate 
representation of this method. 
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sacrificed to attempts to introduce detail only important locally, and which 
can be best shown by the enlargement of such portions of a map. The 
employment of given colours to represent certain divisions of the geological 
series has been considered very desirable, so that the eye becoming accus- 
tomed to them may, as it were, currently read off maps thus coloured. 
This is certainly important, and might be accomplished, to a considerable 
extent, in the general maps, national maps for example, of different 
countries. 

Much may be, and has been effected as to the information to be afforded 
in geological maps, by a mixture of signs and colours ; the latter repre- 
senting some accumulation, or series of accumulations; and the former 
certain modifications of it considered important. In this manner, for 
example, igneous rocks may be represented by some given tint or colour ; 
and the variations in their mineral structure, so far as regards the surface of 
the land, by various signs. The like with those divisions in the sedi- 
mentary deposits of different geological dates to which names have been 
given, various signs also readily show their mineral structure in different 
parts of their surface exposure. Among the signs employed amid the 
stratified rocks, it is very needful to have a sufficient number representing 
their modes of occurrence as to the position of their beds, showing when 
these are horizontal, inclined at any particular angle, or contorted ; when 
the latter, the kind of contortion, and the like. The following signs 
(fig. 307) have been found useful for this purpose. The point of the arrow, 

Fig. 307. 

a o 

-fV- Sh — 



a, shows the dip or inclination of the beds as respects the horizon ; and it is 
desirable to place on one side of this sign the amount of the dip, such as 
5®, 16®, 23®, as it may happen to be. The sign b is intended to point 
out that, while the general inclination, or dip of the beds may be in the 
direction corresponding with that of the arrow, they undulate on the minor 
scale ; c, shows that the strata are vertical, their range, or strike, as it is 
often termed, being in the direction of the longest line. Beds much plicated 
on the minor scale, while they have a general range, are shown by d, the 
straight line pointing out the general range. An anticlinal ridge is repre- 
sented by the sign /, the two arrow-heads showing the direction of the dip 
on either side, and the cross line that of the range of this form of beds ; e 
is intended to indicate the occurrence of beds so contorted and folded in 
various planes, that no definite dip or range of them can be inferred in the 
locality where this sign may be entered upon the map. The cross g. 
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represents a horizontal arrangement of the beds. By attention to such, or 
any other system of signs considered eiFective, the arrangement of the com- 
ponent beds of stratified rocks is so exhibited as to present the geologist 
with evidence enabling him to take a comprehensive view of this part of his 
subject. By cx)mbining any system of this kind with another for the dis- 
tribution of organic remains, in the fosslliferous rocks, he still further 
advances his general views ; so that with colours, and with signs for 
mineral structure, distribution of organic remains, and any movements 
which the beds may have sustained since their deposit, his map not only 
becomes a record of his observations, but also presents him with a classified 
collection of facts from which he may deduce important general conclusions 
that otherwise might not so readily be attained. 

Geological maps conveying information only as to the surface arrangement 
of rocks, vertical sections of the country, either directly obtained from 
natural or artificial exposures of the various accumulations, or inferred from 
abundant and satisfactory information, collected at various points on the 
line of section or within safe distances from it, become essential for a right 
view of the manner in which the various rocks of a district may occur. Too 
much stress cannot be laid on the importance of rendering all such sections 
strictly proportional, so that they should, as much as possible, be miniature 
representations of nature. The distortions and erroneous conclusions which 
arise from a want of attention to this point are endless. In the first place, 
the outlines of countries are usually so exaggerated, as to elevations and 
depressions, that the real forms of the surface are falsified, and that true 
appreciation of them, which would lead to just views of their relative im- 
portance, and of the conditions which have produced them, is superseded 
by most imperfect ideas as to the real relief of a district, even of such as 
may be mountainous. True surface sections of the latter are often especially 
needed to afford the geologist a correct view of the different heights and 
depressions, so that he may insert his observations on that which will not 
deceive him in his endeavours to tace the amount and direction of any 
general disturbance, to ascertain the value of any curves or plication of beds, 
and to restore the various component parts to their inferred original ^posi- 
tions in such regions. 

Though with known altitudes at sufficiently numerous points on any 
given line of pro})osed section, the various distances from these points being 
known, much may be accomplished by a practised and steady eye by 
sketching in the intermediate ground ; and this may be the only means at 
command in somewhat rapid excursions :* the line given by instrumental 
work, when time suffices, is the only real method of obtaining the object 
sought. Ail lines of section are thus run on the Geological Survey of 
Great Britain, and the results thence obtained have been so satisfactory 

* For example, the section from the Jura to, and across the Mont Blanc, above 
given (fig. 264, p. 646), was obtained, from known heights of different points on the 
line, by barometric measurements of intermediate altitudes, and a sketching of the 
ground on the spot. 
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that few, once experiencing the advantages so derived, would probably be 
disposed to abandon this method of observation. In certain districts, such 
as those where that iraporfcuit product coal is obtained, exact sections of 
surface are as indis])ensable as the exact relative positions of the beds them- 
selves with reference to them, so that the true positions of the coal-beds 
may appear. With his level or his theodolite, an observer feels that con- 
fidence in his labours which he might not otherwise possess. Having the 
surface right, he can enter the dips, and other modes of occurrence of the 
rocks found, in their real relative situations on his section, and thus possess 
a collective miniature representation of the needful circumstances, such as no 
other less correct method will insure, be his powers of generalization what 
they may. 

As in many lines of section, all the various accumulations cannot be so 
traversed, as to have all deposits cut at right angles by them, care is 
required to re])resent only the relative thickness of such deposits where the 
section passes ; that is, the lines of separation of beds, or collections of 
them, as givf'n in the section, should correspond exactly with those which 
would appear if the rocks supposed to be vertically cut through, were 
really so ; and the beds on one side of the cut being removed, the face of 
the other was exposed, as if on a cliff*. By turning to fig. 257 (p. C35), it 
will be found that a line of section parallel to the cliff* represented would 
even give the beds there shown as horizontal, while they really dipped 
considerably at riglit angles to it, as seen in the sketch, fig. 258. It is 
easy in such cases to notice the true amount and direction of the beds on 
the section, and thus make the real value of the lines on such section clear. 
By giving more dip than such lines re|)rcsent, a greater thickness is shown 
than really exists, and the total amount of mineral matter which the surface 
of the ground and the line of section should exhibit, is misrepresented. 

In addition to these vertical and proportional sections, it sometimes 
becomes necessary to enlarge a part, so for as regards a column rising 
vertically to the plane of accumulations. In like manner, also, this should 
be proportional, and on a scale sufficient to render the object sought by the 
enlargement clear. The scale of such sections adoi^ted by the Geological 
Survey is that of 40 feet to the inch ; and it has been found one amply 
sufficient for very considerable detail, as may be seen by reference to the 
vertical sections of the coal measures, those which can be used for mining 
purposes (sections, Nos. 1 to 11 and 16 to 18). 

Vertical sections, dei)Osits represented as piled one above the other 
horizontallv, whatever may be their real inclinations in different localities, 
may also be usefully employed for comparing distant accumulations with 
each other, especially as regards tlieir thickness. As, for example, the 
following section (fig. 308), serves to show the different thicknesses and 
modifications of the cretaceous and oolitic groups as developed in southern 
and northern England. In these sections (the same letters being employed 
to represent equivalent deposits in both), the cretaceous series m Wilts and 

3 A 
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Somerset is divided into chalk, a ; upper green sand, b ; gault, a clay IxhI s< 

Fig. 308. 


WwTB AND Somerset. 


YoRKSniBE 



Cretaceoub (ir«>ui* 


Oolitic Oroiip. 


named, c; and f?, lower green sand ; while in the same series in Yorkshire, 
d and d are supposed to he absent. As regards the oolitic grou]^, e 
represents the Kimmeridge clay ; /, coral rag and its calcareous grits ; (/, 
Oxford clay and the Kelloway rock in its lower part; 4, Coriibvash and 
Forest Marble; e, Bradford clay; 4, gi’eat oolite; ?, FuIKt's earth: ???,, 
inferior oolite ; n, marlstone ; o, lias. The superficial gravels, &c., above 
the chalk, are represented by t. As respects the divisions c,/, and the 
two sections do not much vary, whih* a considerable diflerence is seen in th(i 
beds /ij 2 , 7c, and ?, as found developed in southern and northern England. 

There has apparently been a modification of the conditions under which 
these equivalent portions of tiie oolitic series were de])Osiled in the two 
localities, so that while, in the south, marine remains point merely t(^ 
deposits beneath the waters of a sea, shales and sandstones on the north 
contain the remains of terrestrial fossil plants (p. 51 0) so occurring that not 
only the close proximity of land has to be inferred, but also the existence of 
marshy land itself, supporting a growth of certain plants (Ecpiisetwn)^ 
entombed as they stood. The diflerent character of the lias on the north 
and on the south will also appear, this deposit being not only thicker on 
the north, but also there exhibiting a certain depth of upper lias marls, not 
continued to Wiltshire, though it can be seen gradually fining off southerly 
into Gloucestershire. In this manner, it will bo obvioius that much useful 
evidence may be embodied ; so that, by the combined aid of the mai)s, and 
the sections of various kinds, a sound and comprehensive view of the 
different rock accumulations of a country may be obtained. 
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Page 103. Great Salt Lake of North America . — The recent researches of 
Captain Stansbnry, of the United States’ Topographical Engineers (Expe- 
dition to the Great Salt Lake of Utah, 1852), have made us acquainted, 
from actual survey, with many importjmt circumstances connected with the 
region in which the Great Salt Lake of North America is found. A con- 
siderable area, on the western watershed of that continent, is separated from 
the general drainage. In it a chief depression finally receives the waters 
of the country, forming a lake from which the evaporation is such that no 
surplus waters escape out of that area, as a whole, into the general water- 
shed to the westward. A minor depression first receives the drainage of 
part of the general area. The waters of this lake, named Utah, are fresh, 
while those of the other, the Great Salt Lake, are highly impregnated 
with saline matter. The eva])oration over the area draining into the 
Lake Utah (30 miles long and 10 miles in breadth,) is such, com- 
pared with the sup])ly of water, that a river, named the Jordan, by 
the Mormon settlers on its banks, flows from it and falls, after a course 
of about 50 miles, into the Great Salt Lake. Notwithstanding this 
sup] fly of fresh water, as also from other streams, the chief of which 
enters it on the N.E., rounding the Wahsatch Mountains, on the east, 
the WfUters of the Great Salt Lake are so entirely saline as to form ii 
strong brine, one that in 100 parts, by weight, of the water, contaiii> 
more than 22 parts of soluble salts, common salt (chloride of sodium) )») 
itsttlf constituting 20 j)arts. The exact amount of soluble substances, 
determined by Dr. L. D. Gale, is as follows : — 

Solid contents in 100 ])arts of the water = 2 * 422 parts. 

Specific gravity of the water = 1*17 


Chloride of sodium . . 20*11H> 

Sulphate of soda . . 1 ’ B34 

Chloride of magnesium . 0*252 

Chloride of calcium . . a trace. 


The Great Salt Lake is situated, according to Captain Stansbury’s maps, 
between about 40^ 40' and 41 42' north latitmle, and between about 1 1 2 
to 113"’ 10' west longitude. The western side of the lake is bounded b} 
a level plain country, little elevated above its waters, so little indeed 
that tlie pressure of the wind is sufficient considerably to change the coast- 
line in that direction, according to its duration, the difierence “ amounting, 
in many cases, to miles in widtli” (p. 186). In dry weather the plain, 
abounding in soft ground, is covered with a coating of salt. Captain 
Stansbury mentions that the minute crystals of salt “ glisten brilliantly in 
the sunlight, and present the appearance of a large piece of water so per- 
fectly, that it is difficult, at times, for one to persuade himself that he is 
not standing on the shore of the lake itself” (p. 119). The Salt Lake, 
exclusive of offsets, is 291 miles in circumference, the Wahsatch Mountains 
rising above it on the eastward ; several islands rise above its waters, which 

3 A 2 
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would seem generally shallow, 36 feet between Antelope and Carrington 
Islands, being apparently the most considerable depth. The valley of the 
Salt Lake is estimated at about 4,300 feet above the level t)f the ocean. 

Upon the slope of one of the ridges connected with the plain of the 
Salt Lake, Captain Stansbury states that “ thirteen distinct benclies or 
watermarks were counted, which had evidently at one time been washt^l 
by the lake, and must have been the result of its action continued for 
some time at each level.** The highest of these benches was about 200 
feet above the present level of the lake. He infers that at some former 
period a vast inland sea extended over this region (p. 105). 

We would here seem to have an isolated, and raised portion of the sea 
exposed, like the region of the Caspian, to conditions under which it had 
to adjust itself to the supply of the fresh water it could receive from rains 
or rivers. This supply not being equal to the evaporation, the saline 
contents gradually formed an increasing relative portion of the waters 
in the chief depression, until they became that at present found in the 
Great Salt Lake. Whether this adjustment be now permanent, is 
probably uncertain ; but even assuming that it might be so, if all other 
things remained the same, there is a disturbing cause ol* modification in 
the amount of detritus now thrown by the streams into this shallow lake. 
All would appear to add something, but the Bear River is described as 
bringing down an immense quantity of sedimentary matter at every 
freshet. The exact difierence of elevation between the Utah and Great 
Salt Lakes does not appear to have been ascertained ; but assuming that 
this level is not considerable, and that formerly a sea extended over the 
whole, there is no difficulty in seeing that Lake Utah, receiving more 
water than covered its evaporation (the lake is situated amid mountainous 
ground), would gradually become fresh from the gradual weakening of its 
saline solutions, while the lower lake became as gradually more sidine from 
the reverse action. Thus a fresh-water and a very saline lake would have 
resulted from the imprisonment of parts of the same original sea, acted 
upon, under modified conditions, in a given area, this as a whole not 
now obtaining a supply of water beyond its general evaporation. 

Page 368. Volcanic Rocks of Iceland , — Professor Bunsen (of Marbourg), 
after personally studying the volcanic rocks of Iceland, and carefully investi- 
gating their chemical relation in the laboratory, has presented us with views 
of great value and importance, not only respecting the palagonite rocks, but 
also as regai*ds the volcanic products ejected in a molten state. (On the 
Processes which have taken place during the Formation of the Volcanic Rocks 
of Iceland; PoggendorfTs ‘Annalen,* 1851, No. 6, and ‘Scientific Memoirs,’ 
new series, vol. i, p. 33, 1852.) After alluding to the homogeneous 
character of the mixed silicates ejected in a state of igneous fusion, and 
the separation of the component matter into different mineral substances, 
according to the physical conditions to which it has been subjected, he 
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divides tlie Iceland volcanic rocks into two groups, which he names 
norrml’-trachytio and nornial-pyroxenic. He understands by the former the 
trachytic rocks ricliest in silica, and by the latter the basaltic and doloritic 
rocks |>oorest in silica. These constitute extreme members of a general 
mass, and graduate into each other. “ The first distinguishing characteristic 
of the normal-trachytic rocks is, that they represent almost exactly a mixture 
of bisilicates of alumina and alkali, in which lime, magnesia, and protoxide 
of iron are either wholly wanting or are present only in insignificant quan« 
titles.” * * * * * “ The normal-pyroxenic rocks, wdiich as basic silicates 
of alumina and protoxide of iron, in combination with lime, magnesia, 
potash and soda, form the most extreme members towards the opposite 
end of the series, present a similar correspondence in their average com- 
position.” * * * * “As the proportion ( f the oxygen of the silicic acid 
to that of the bases is here, with slight variations, as 3 : 1 *998, all these 
rocks may be regarded as a constant mixture of bibasic silicates, when we 
consider only their entire mass, without reference to the fact of their con- 
stituents being grou])ed into minerals of definite composition.” “ The 
quantity of silica almost always bears a constant proportion to the 
lime and magnesia, while the relation between the quantities of alumina 
and protoxide of iron is subject to considerable variations.” Thus there 
is a mass of matter having a tendency to arrange itself into two distinct 
sub-masses, each distinguished by a definite composition, the whole 
governed in its lithological character by the variable manner in which a 
mixture was effected, and by the physical conditions to which the molten 
mass may have been exposed. 

The Professor gives the following as the composition of the normal- 
tr achy tic (1 j and the normal-pyroxenic rocks (2,) observing that from it 
the nK^an relation between the oxygen of the acid and that of the bases 


can be calculated, being for the trachytic 

rock as 3:0 

'596, and for the 

pyroxenic as 3 ; 1*998 : — 

(1) 

(2^ 

Silica .... 

. 76 67 

. 48-47 

AJumina and ])rotoxide of iron 

. 14*23 

. 30-16 

Lime .... 

. 1*44 

. 11-87 

Magnesia .... 

0-28 

. 6-89 

Potash .... 

. 3*20 

. 0-65 

Soda .... 

4*18 

. 1-96 


100 '00 

100-00 


Selecting silica, as the most convenient constituent of these rocks for 
calculation, because it can be well determined, and is the least variable in 
them, in order to estimate the mixture of these normal rocks which may 
exist in any compound of them. Professor Bunsen remarks that, “ If we 
characterise by S the per centage of silica in a mixed rock, by s the pet 
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centage of silica in the normal-trachylic, and by a the per-centage of silica 
in the normal-pyroxenic rocks, then 


5 -S 



in which equation a represents the quantity of normal-pyroxenic rock- 
mass which must be mixed with one part of normal-trachytic mass, in 
order to give the comjKisition of the mixed rock in qiu^stion ” * 

“ All the other constituents of the mixed rocks are then determined by 
moans of a. For if the weight of the separate constituents of one j)art of 
the normal-pyroxenic rock-mass is taken as 

manner the weight of the separate constituents in the unity of weight of 
the normal-trachytic rock-mass as the weight of all the other 

constituents may be ascertained by means of the equation — 

+ japy + t,) (apn + Q 

(a+1) (fl+1) ■ (a + 1) 

The abstract given by the Professor abounds in valuable research, and 
should be consulted by the observer anxious to enter upon this very 
interesting class of inquiries. The memoir is divided into 1, Genetic 
relations existing between non-metamor])hic rocks (from which the notice 
above given has been taken) ; and 2, Genetic relations of the metixmor- 
j)hic rocks, the latter being subdivided into 1, Palagonitic rocks; 2, 
Zeolitic formations; and 3, Formation of rocks by pneumatolytic mcta- 
inorphism. In the first subdivision of the second division, the palagonitic 
tufl’ is ])ointed out as a mixture of hydrated and anhydrous silicates, the 
latter belonging exclusively to the pyroxenic rocks, the former, generally 
cementing the fragmentary rock, being regarded as a mixture or coml)i- 
nation of two silicates, one represented by the formula 3 RO 2 SiO® + 
A(|, and the other by 3A1*0^ SiO*-f Aq, These silicates the 
Professor considers as appearing to combine in definite proportions, for 
which he proposes the formula 3R0^28i0®-|-2Al*0®Si0®-|- Aq. 
He adds, that the })alagonitic substance occurs generally as characteristic of 
the jwroxenic volcanic rocks, mentioning besides Iceland, the basaltic 
accumulations of Germany and France, the Euganean Islands, Etna, the 
A7A)res, Canaries, Ca])e de Verd Islands, and the Galapagos Islands. 
Under the head of Zeolitic Formations^ their intimate connexion with the 
l)alagonitic and pyroxenic classes is pointed out, and under that of the 
Forumthn of Rocks hy Pneumatolytic Metainorphism^ the products resulting 
from the action of volcanic gases and vapours upon all the rocks which had 
been treated of. 
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Aar Glacier, view anti description of, 
216. 

Aberystwyth, coiulitioii of co])]>er coins 
found near, 6:)1. 

Abich, Dr., on tlie composition of vol- 
canic tuffs near Naples, 367; section 
of Etna, 386 ; of Vesuvius, 3S8. 

Achiibilaya river, raft in the, 117. 

Action, elevatory, recent, at the Santorin 
frrouj), 3<)2. 

Adjustment of ancient marine life to 
tlei)ths of water and kinds of sea bot- 
tom, 542. 

iEj'can Sea, zones of depth in, 146 ; con- 
ditions of its bed, if converted into 
land, 14U. 

Africa, coast, conditions of, 138. 

Agassiz, M., on glaciers, 209, 260. 

Age of rocks, relative, insulficient of 
itself for mineral character, 505. 

Air in sea- water, 144. 

Al])ite, composition of, 359. 

Ali)S, detritus of, 20; glaciers of, 200; 
erratic blocks of, 264; flexure of beds 
in, 644; part of, including INIoiit Blanc, 
proportional section of, 646. 

Alteration of rocks, from descent be- 
neath earth’s surface, 602. 

Altered rocks, sulphuret of iron in cer- 
tain, 500 ; formation of crystals in, 608 ; 
production of certain minerals in, 611 ; 
mineral matter transmitteil into, 612. 

Amazon Kiver, sediment of the, 63. 

America, form of its coasts, 131, 133; 
volcanos of. 300. 

America, Soutli, glaciers of, 241, 

Ammonites, multitudes of in lias, Marston 
Magna, Somersetshire, 538. 

Ancient volcanic products, organic re- 
mains in, 537. 

Andalusite, production of, in altered 
rocks, 610. 

Anglesea, igneous dykes of, .565. 

Animal and vegetable’life, marine, effects 
of sinking of sea-bottom upon, 543. 

Antarctic ice barrier, 234; geological 
effects of, 236. 

Anticlinal and synclinal lines, 643. 

Appalachian zone, United States, bend- 
ing and plication of rocks in, 643. 

Arago, M., temperature of the atmo- 
sphere, 207 ; on temperature found at 
the Artesian well, Crenelle, 465. 

Arctic glaciers reaching the sea, 226 ; 
effects of, 227. 

Arctic shells In British deposits, 281. 

Arctic ocean, coasts of, 139 ; drainage 
into, 140 ; glaciers and icebergs in, 225. 

Area, extension of required, in reducing 
beds, in mountain chains, to horizoii- 
tality, 641. 


Areas, large, of undisturbed rocks, raised 
in moss, 640. 

Argillaceous limestone, concretionary 
no<lules and layers of, 59.5. 

Argillo-calcareous nodules, lamination of 
some, 596. 

Ari Atoll, 177. 

Arrangement, diagonal, of the minor 
parts of detrital rocks, 532. 

Artesian wells, temperature of waters 
found in, 18, 465, 466 ; substances con- 
tained in, at London, 603. 

Artificial minerals, methods of producing 
certain, 578. 

Ascension, Island of, laminated volcanic 
rocks in, 365. 

Ashes, volcanic, composition of, 366. 

Ash-beds, ancient volcanic, deceptive 
character of, after consolidation, 555. 

Asia, great central depression otj 104; 
tbrm of its coasts, 134 ; rivers of, 140. 

Asiatic volcanos, 400. 

Atlantic and Pacific Oceans, effects of 
gradually joining, on marine animal 
life, ,541. 

Atlantic, ancient exposure of coasts to, 
711. 

Atmospheric influences, effects of, on 
upper part of mineral veins, 690. 

Augite, composition of, 359. 

Austen, Mr. 11. C., on Kent’s Hole Cave, 
302; on distribution of detritus in 
English Channel, 459 ; on the occur 
rence of phosphate of lime, 598, 

Auvergne, extinct volcanos of, 401. 

Axmouth, destruction of cliffs at, 22. 

BaubxVOe, Mr., on elevation and depres- 
sion of coasts, of Bay of N aplcs, 438 ; 
on movements of land from increase 
and ilecrease of heat, 439, 444. 

Baku, mud volcanos or salses of, 410. 

Baltic, deposits in the, 73 ; analysis of the 
water of, 7.3 ; effects of ice in, 74, 247, 

Ban well cave, osseous breccia in, 309. 

Barrier reef of Australia, 181, 193. 

Bars at river mouths, 77. 

Basalt, mineral com|)osition of, 402 ; re- 
lative fusibility of, ib. ; chemical com- 
position of, 403 ; relative antiquity of, 
lb. ; globular structure^ of, 404 ; colum- 
nar structure of, 405 ; jointed columns 
of, 406. 

Bath, springs of, 18 ; origin of thermal 
waters of, 466. 

Beaches, changes of relative level of, 
on tidal coasts depressed or elevated, 
452 ; aneienty among fossiliferous rocks, 
importance of, 474; of the time of the 
Silurian rocks, 475 ; of old red sand- 
stone period, Scotlwd, ib, ; of Chair 
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of Kildare, Ireland, 476 ; of new red Brighton, raised beach near, 453. 
sandstone period, ib. Bristol Channel, deposits in, 84, 88, 129 ; 

Beaufort, Admiral Sir Francis, on in- beaches of time of new red sandstone 
flammable gas of the Yanar, 410. near, 476, 480 ; mode of accumulation 

Beaumont, M. jj^lie de, on declivities of of dolomitic limestone near, 497 ; foot- 

laciers, 266 ; on the direction of the prints of animals on muddy shores of, 

ssures of Etna, 380; on Etna, 383; on 525 ; faults in, 662. 

the origin of the Val del Bove. 387 ; dis- Bristol, amount of denudation near, 715, 

tribution of mineral substances, 591 * Britain, climate formerly colder, 282 ; 

bis views respecting directions of upper tertiary mammalia in, 293. 
mountain chains, 637 ; on correlation British Islands, map of the 100 fathom 
of directions of mountain chains, 638 ; line round, 91 ; map of, when depress- 
on metalliferous and volcanic emana- ed 1000 feet, 261 ; etfects of submer- 

tioiis, 672 ; on initial volatilization of gence on, 260, 263 ; older igneous pro- 

metallic substances in veins, 674. ducts of, 553 ; eflects of squeezing and 

Becquerel, M., on substances produced elevation of, into great range of moun- 

by slow secondary electrical action, tains, 639. 

674 ; on partial conversion of steel British Seas, distribution of marine life 
plate into silver at the Mint, Paris, in, 152; mammoth remains found in, 
694. 2 )4. 

Beds, formed around volcanic islands, Brongniart, M. Alex., on raised coast of 
character of, 389 ; formed by unequal Uddevalla, 441. 

drift, 534. Brown, Mr. Richard, on vertical plants 

Beds of rocks, different consolidation in coal measures. Cape Breton, 505. 

of, in the same group, 602. Buckland, Dr., on glaciers in Scotland, 

Beech ey. Captain, on coral islands, 172. 270; on the fossil elephant, 290; on 

Belcher, Sir E., on the movement of a Kirkdabe cave, 297 ; on osseous breccia, 

current at 40 fathoms, 528. 309 ; on fossil trees and ancient soils 

BelemniteS) multitudes of, in lias, Golden of Isle of Portland, 518; on mammal 

Cap, near Lyme Regis, 538. remains, oolitic series, StonesfielcL .549. 

Bending, contortion and fracture of Buckland, Dr., and Mr. W. 1). Cony- 
rocks, 620. beare, on submarine forest, Bridge- 

Bending and plication of rocks, artifleial water levels, 448. 

illustration of, 632. Buddie, Mr., on erosion of coal beds, 

Bermudas, coral reefs at, 199. Forest of Dean, 512. 

Berthier, on the analysis of calamine, Bunsen, Professor, on the composition of 
693. palagonite tuff of Iceland, 368 ; on ac- 

liianey, Mr., on Stigmaria, 501. tion of w ater and acids on palagonite 

iirds, preservation of their remains, 121 ; ^ 

foot-prints of, on surfaces of rock, Con- 
necticut, 524. 

lischoff, M. Gustav, experiments illus- 
trative of deposit of mineral matter 
in fissures, 669. 

Hack S^a, deposits in the, 73. 

3ogs, how formed, 113; extent and 
thickness of, 114. 
lombs, volcanic, 330. 
loracic acid, of Tuscany, 413. 
ioring molluscs, carboniferous limestone 
pierced by, at time of inferior oolite, 

486 ; lias conglomerate drilled by, 486 ; 
inferior oolite pierced by during accu- 
mulation, ib. 

kiutigny, M., experiments on incandes- 
cent bodies, 340. 

lourbon, Isle of, coral reefs near, 179. 

3ow Island, account of, 173. 

3reakeri^ force of, 47, 49 ; action of, on 
volcanic products, St. Paul’s Island, 

Indian Ocean, 397 ; force of, in Scot- 
land, on side of German Ocean, and of 
Atlantic, 47. 

breaker action, 48; ^at denudation 
from, 707 : on volcanic islands, 390. 
jlreccias, calcareous, 14 * osseous, 309. 
irewer’s Hill, county Wicklow, compli- 
cation of bedding, cleavage and joint- 
ing near, 631. 

ridgend, Glamorganshire, quarta rock, 
in trias near, 604. 


UU tllU UiUUC 

Geysers, Iceland, 372 ; on gypsum de- 
posits of Iceland, 375 ; on volcanic 
sublimations of muriate of ammonia, 
376. 

Bunsen Prof., on the volcanic rocks of 
Iceland, 724; their chemical comi>osi- 
tion, 725. 

Bwlch-hela, near Penrhyn Quarries, N. 
Wales, cleavage through contorted 
sandstones at, 619. 

Caii&an of West Indies, 120. 

Calamine, probable origin of, *692 ; com- 
wsition of, 693. 

Calcareous deposits, 106; from volcanic 
action, 1 10 ; not always horizontal, 110. 

Caldera, the, Island of Palma, Canaries, 
383. 

Cambrian rocks, conglomerates of, Ban- 
gor, North Wales, 475*, alterations of, 
Dv heat, 609. 

Carbonate of lime, deposition of, 12, 13, 
106 ; of copper with vegetable remains, 
695. 

Carbonic acid, action of, on certain sili- 
cates, 606. 

Carburetted hydrogen, exhalations of, 
409. 

Cardigan Bay, map of, 82 ; tides in, 83. 

Carglaze Tin Mine, Cornwall, stanni- 
ferous veins amid joints in granite of, 
686 . 
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Carne, Mr., on character of rocks in 
Cornwall, affecting contents of mineral 
veitlB, 680 ; on modification of mineral 
veins, 689 ; on the different dates of 
mineral veins, 687. 

Comon tin Streamworks, human skulls 
found in, 449. 

Caspian Sea, nature of its waters, 73, 
103, 105 ; deposits in, 102. 

Caves and minor cavities, metalliferous, 
of Derbyshire, 682. 

Cavities, circular, produced during earth- 
quakes, 426 ; amid rocks, action and re- 
action of substances in, 674. 

Cawsaiid, Plymouth Sound, porphyry 
of, .569. 

Central Asia, volcanos of, 400; waters 
of, 492. 

Central France, extinct volcanos of, 
401. 

(’etaceans, remains of, 130. 

Chair of Kildare, hills of, range of 
cleavage diagonally through beds of, 
618. 

Chalk, composition of water of, beneath 
London, 603; altered by basalt, Isle 
ofliaghlin, 608. 

Channels, eroded in coal measures, Forest 
of Dean, 512 ; of erosion in coal mea- 
sure detrital deposits, Pembrokeshire, 
ib. 

Character of surfaces of rocks, 527. 

Charlestown and Crinnis Mines, Corn- 
wall, range of mineral veins at, 657. 

Chemical deposits in inland seas, 102. 

Chesil Bank, Dorsetshire, 56. 

Chiastolite, formation of, in altered 
rocks, 611. 

Chili, elevation of coast of, during earth- 
quakes, 432; extent of great earth- 
quake at, 417. 

Chloride of sodium in spring water, 14 ; 
dissemination of, amid rocks, 603. 

Chlorite in granite, 592. 

Clarke, Rev. W. B., on Lafu island, 
196. 

Cleavage, influence of, on the decompo- 
sition of rocks, 9. 

Cleavage, 614 ; in mixed beds of sand- 
stone and argillaceous matter, 615 ; in 
limesto|^e and shale, 616 ; modification 
of, in Jessing through thin beds of 
limestone amid shale, 617 ; minor in- 
termption of passing iuiiction of beds, 
ib.\ on the large scale, 618; through 
contorted beds, 619 ; ranging diagon- 
ally through bedding, ib.\ double, 620 ; 
relative dates of, 620; distortion of 
organic remains by, 621 ; different di- 
rections of, in same or juxtaposed 
districts, 623; gathering of mineral 
matter in planes of, 624. 

Cleaved and jointed rocks, subsequent 
movement of, 630. 

Cliffs, effects of the sea on, 48. 

Clonea Castle, Waterford, cliaracters of 
cleavage at, 616. 

Cl>de, newer pliocene deposits of the, 
280. 

Coal beds, extent of, 511 ; partial re- 
moval of, during coal measure deposit, 


512 ; effects of squeezing upon, Pem- 
brokeshire, 648. 

Coal measures, evidence afforded by, 
500 ; stigmaria beds of, 501 ; vertical 
stems of plants in, 502 ; mode of filling 
up hollow vertical stems of, 504 ; 
growth of terrestrial plants in succes- 
sive planes in, .505 ; thickness of, .507 ; 
false bedding in sandstones of, 508; 
surfaces of sandstones of, .509 ; drifts 
of matted plants in, 510 ; extent of coal 
beds in, 511; partial removal of coal 
beds of, during general deposit, ib . ; 
lapse of time during accumulation of, 
513; pebbles of coal in, 514; marine 
remains in parts of, 515; mode of 
deposit of, 516 ; flexures and plications 
of, in South Wales, 647. 

Coal, pebbles of, in coal-measure accu- 
mulations, 514. 

Coasts, action of sea on, 46, 49, 51; 
influence on organic life and preserva- 
tion ot remains, 133, 159 ; distribution 
of animals on, 157, 159; effects of ice 
on, 24.5. 

Coasts, rivers and lakes, effects on, 
during continued elevation of land 
above sea, 489. 

Coast sand-hills, formation of, 59. 

Cold, effects of its general increase, 251, 
264. 

Colenso, Mr., on beds composing Pen- 
tuan tin stream w'orks, Cornwall, 450. 

Colours and signs, advantage of mixture 
of, in geological maps, 719. 

Compact felspar, character and com- 
position of, 572. 

Complication of surface, produced by 
smoothing down single dislocation, 
under certain conditions, 655. 

Component parts of rocks, consolidation 
and adjustment of, 594. 

Component parts of beds, flexures and 
plications of, 648. 

Composition of the volcanic tuffs near 
Naples, 367. 

Conglomerates and volcanic tuffs, mixed 
beds of, with lava, in Pacific islands, 
389. 

Conglomerates, joints in, 628. 

Cooling globe, effects of, on rocks on sur- 
face, 636. 

Corals, in British seas, 153 ; general dis- 
tribution of, 165; migrations of when 
young, 167 ; chemical composition of, 
168; conditions of growth, 192. 

Coral reefs, extent of, 165, 169 ; stratifi- 
cation of, L»5; formation of, 173, 186; 
conditions under which they occur, 
186; influence of volcanos on, liO, 
201 ; elevation of above the sea, 195. 

Cordier, M., on mode of obtaining tem- 
perature of the earth, 464. 

Cornwall, action of the sea on coasts of, 
55; sand-hills on coasts of, 61 ; jointn 
among granite in, 626; fragmcntaiy 
lodes in, 696. 

Cornwall and Devon, granites of, 563 ; 
influence of dissimilar rocks on 
mineral veins in, 679 ; metalliferous 
districts of, 677 . 
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Correa de Serra, Mr., on submarine 
forests, Lincolnsliire, 448. 

C’otopaxi, structure of its cone, .331, 332 : 
descent of water from, 350. 

Couthouy, Mr., on coral reefs, 195; ice- 
berjp, 231. 

Covering, slight, above granites, in 
Wicklow, Wexford and Cornwall, 580. 

Cracked surfaces of deposits, 522. 

Crag deposits, 314. 

Crantock Church, Cornwall, built of con- 
solidated shell sand, 62. 

Craters of elevation, 318 ; eruption, 319. 

Crater lagoons, volcanic islands, 394. 

Cretaceous rocks, overlap of, in England, 
521. 

Crich liill, Derbyshire, lead ore of, 682. 

Oust of the earth, proportion of KK) 
miles deep of, to volume of world, 634. 

Ciy'stalline inodificjition of rocks, 608. 

Cnnents in the Mediterranean, 71 ; the 
ocean, 93 ; influence of, in distributing 
sediment, 98. 

Cwm Llecii, Glamorganshire, vertical 
stems of plants in coal measures of, 
5a3. 

CwTn-ddu, Llangammarch, concretionary 
arrangement of beds of Silurian senes 
near, 599. 

CwTn Idwal, Cacnarvonsliirc, distortion 
of organic remains, by cleavage at, 622. 

Cyanite, formation of, in altered rocks, 
611. 

Dana, Mr. J., on corals, 168; on vol- 
canos of Hawaii, 332,337 ; on volcanic 
fistures of the Hawaiian Islands, 38t); 
on volcanic islands in the Pacific, 389. 

Dardanelles, effect of closing the Straits 
of Gibraltar upon, 491. 

Darwin, Mr. C., on coral islands, 169; 
on elevation of coral reefs, 201 ; on 
glaciers in Wales, 270; on elevation 
of erratic blocks, 272 ; on the lamina- 
tion of volcanic rucks, 364 : ou vol- 
canic tufiP of Cliathum Island, 3G8, 

Daubeny, Dr , on globules and lamitia- 
tnui of Lipari olisidiuii, 3G5 ; on the 
gas evolved from the Solfataru, Puz- 
zuoli, 372 ; on nitrogen of volcanos, 
376; on Santorin group, 391, 392; ou 
mud volcanos of Maculaba, 412 ; 
on boracic acid, 414. 

Dean, Forest of, removal of coal beds at 
time of coal-measure deposit in, 512. 

Decomiwsition of rocks, 1 ; importance 
of studying, 11. 

Decomposition of vegetable matter, 113. 

Deer, loot-prints of, around trees of sunk 
forests. South Wales, 450. 

Deltas in pools of v ater, 24 ; in lakes, 
42-45; in tideless seas, 64; in tidal 
seas, 79, 89; preservation of organic 
remains in, 117, 126, 128. 

Delta lands, effects of gradual subsidence 
of, on vegetation, 516. 

Denudation, effects of, on surface, after 
dislocation of various rucks and mine- 
ral veins, 655 ; or partial removal of 
rocks, 705 ; island masses of rock left 
by, 710; contorted rocks worn down 


by, 711; exposure of old rock-surfaces 
by, 712; amount of matter removed 
by, 713 ; in South Wales and adjacent 
English counties, amount of, 713. 

Densities, relative mean, of surface and 
mass of earth, 673. 

Deposits, siliceous, from the Geysers, 
Iceland, 374. 

Deposits in river courses, 31 ; in lakes. 
42 ; chemical in seas, 102 ; in the 
Caspian, 103 ; cracked surfaces of, 522. 

Derbyshire, igneous rocks associated 
with carboniferous limestone of, 558 ; 
mineral veins amid liincstoiies and 
igneous rocks of, 682 ; various modes 
of occurrence of mineral veins in 683 ; 
debris on hill sides of, 215. 

Detrital deposits, accumulation of, 472; 
variable consolidation of, 604. 

Detrital and fossiliferous rocks, mode of 
accumulation of, 471 ; chiefly old sea- 
bottoms, 472; diagonal arrangement 
of minor ports of, 532 ; consolidation 
of, 604. 

Detritus, of the Alps, 29 ; deposition of, 
30, 31 ; transport of, by rivers, 24, 29 ; 
by tides, 77, 89 ; by currents, 98 ; by 
icebergs, 230, 236 ; by river-ice, 242 ; 
with remains of molluscs, 279 ; drift of, 
from shallow to deep sea-bottoms, 532. 

De Verneuil, M., on mud volcanos of 
Taman and Eastern Crimen, 412. 

Devon and Cornwall, ancient igneous 
products in, 557. 

Devonian rocks, contemporaneous ig- 
neous products in, 557. 

Devonshire, action of the sea on its 
coasts, 55. 

Diagonal arrangement of the minor parts 
of beds among detrital rocks, 532. 

Diallage, composition of, 582, 589 ; of 
La Spezia, 589 ; of Harlzburg, 589. 

Diallage ruck of C’ornwall, 580. 

Diatom acese, distribution of, 238. 

Different rocks, influence of, ou mineral 
veins, 680. 

Dip of bods, fallacious appearances re- 
specting, 635. 

Dismal Swamp, 115. 

Distributon of animal and vegetable 
life at different geological times, 539. 

Distribution of land and sea, 253. 

D<derite, composition of, 352. 

Dolomitic limestone, mode of deposit of, 
near Bristol, 497. 

Dome-shaped igneous matter, raising and 
splitting of, 383. 

D’Drbigny, on distribution of mollusca, 
134. 

Dorsetshire, action of the sea on coasts 
of, .56. 

Draiiso, temporary lake and floods of, 41. 

Drawing, military, advantage of, 718. 

Drifted organic remains, 536. 

Drifts of matted plants in coal measures, 
510. 

Dry land, in great part bottoms of ancient 
seas and lakes, 472 ; present, variable 
effects of submergence of, 498. 

Dubois de Montpereux, M., on mud vol- 
canos of Taman, 411. 
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Dufrcnoy, M., on composition of volcanic 
ashes, 306 ; on the composition of 
volcanic tuffs, 367; on fossiliferous 
volcanic tuff of Monte Somma, 388 ; 
on structure of volcanic tuff, near 
Naples; ih ; on origin of Monte 
Somma, 388. 

Dukhun, great area of basalt in, 404. 

Duncan, Dr., on foot-prints of animals 
on surfaces of rocks. Corn Cockle 
Muir, Dumfriesshire, 523. 

Dunraven Castle, South Wales, mode of 
occurrence of lias at, 483. 

Dykes of lava, Val del Dove, Etna, 378. 

Dykes amid conglomerates of ancient 
igneous rocks, 556. 

Dykes, igneous, uncertain late of many, 
564. 

EAimiorAKES, 415; connexion of, with 
volcanos, 416 ; areas disturbed by, 417 ; 
transmission of vibrations of, 418; 
earth-waves of, 41 9 ; sea-waves of, 420 ; 
uneciual transmission of, 422 ; local 
int(UTuptious of, ib ; locally extended 
range of, 423 ; effects of, on lakes and 
rivers, 428 ; sounds accompanying, 430 ; 
fissures produced during, 42.); settle- 
ment of unconsolidated beds during, 
426 ; circular cavities prodiiced during, 
/b; traversing mountain ranges, 424; 
great sea-wave produced by, 427 ; flame 
and vapours during, 429 ; elevation and 
depression of land during, 431 ; action 
of, on sea-bottoms, 531. 

Earth, motion of, as affecting currents, 
93. 

Earth’s surface unstable state of, 443. 

liarlh, temperature of, 463; radius of, 
633 ; mean density of, 673. 

Earth-wave, of earthquakes, 420. 

Ebelmen, M., method of producing arti- 
ficial minerals by, 578. 

Ecton Mine, Staffordshire, notice of, 689 

Efiects of earthquakes on sea-bottoms, 
531. 

Effects of gradual subsidence of delta 
lands on vegetation, 516. 

sea-bottom being raised round 

British islands, 520. 

Egerton, Sir 1*., on the ossiferous caves 
of the llartz, 303. 

Ehrenberg, Prof., on coral reefs, 185; on 
infusorial remains in rocks, 547. 

Elephant, fossil, notice of, 284, 290, 2.;4, 
312. 

Elevation and depression of bottom in 
the ocean, 526. 

— of land, present, gradual in Norw’ay 
and Sweden, 440. 

Elevations of mountain chains, 637. 

Elvans, of Cornwall and Devon, mode 
of decomposition of, 4; range of, 565 ; 
composition of, 566 ; dates of, 569 ; of 
Wicklow and Wexford, .569; character 
of mineral veins tra\ ersing, in Corn- 
wall, 678. 

Elvan dyke, fallacious ap])earance iff, 
traversing mineral veins, 658. 

Emanations, metalliferous and volcanic, 
672. 


England, former connexion of with the 
Continent, 294, 297. 

English Channel, tides in the, 80 ; analy- 
sis of water ot; 109 ; distribution of 
detritus in. 459. 

Eric, Lake, araining of, 39. 

Erratic blocks, origin of, 256; trans- 
portal of by glaciers, 269 ; of the Alps, 
272; of northern Europe, 275; of 
America, 276, 277. 

formation, d’Archiac cited, 27.5, 276. 

Erroob Island, coral reefs with la^ a, 205. 

Eschscholtz Bay, elephant remains at, 
290. 

Estuary deposits, 126, 129 ; foot-prints of 
birds in, 129, 525 ; cetacean remains 
found in, 1.30. 

Etna, eruptions from, 343, 3.50 ; direction 
of fissures at, 381 ; section of, 38.5 ; 
form and structure of, 386. 

Europe, form of its coasts, 1 38 ; effects 
of submergence on, 264, 267; changes 
of land and sea in, 287 ; mammoth re- 
mains in, 296. 

Exeter, igneous rocks near, 568. 

Extent of coal beds, 511. 

Extinct volcanos, 401. 

False bedding in coal-measure sand- 
stones, 508. 

Faraday, Dr., on the liquidity of gases 
under pressure, 381. 

Faults, temperature of w'aters rising 
through, 465 ; w^ell seen usually in 
mining districts, 649 ; of different dates, 
6.53 ; of Somersetshire, in coal measures, 
and inferior rocks, smoothed off before 
deposit of new red sandstone, 652; 
caution respecting the shifting of one 
by another, 6.53 ; considerable, shifting 
rocks and mineral veins, near lledrutlj, 
Coniwal], 6.54; fallacious appearances 
arising from, 655 ; different traversing, 
657 ; range of, in Cornwall and Devon, 
6.59 ; inlaying mass of coal measures, 
Nolton and Newgale, Pembrokesliire, 
ib; in Somerset and Dorsetshire, 660; 
near Swansea, 661 ; inclination of, 662 ; 
parts of deposits preserved by, 663; 
complicated, 663 ; friction surfaces in, 
664. 

Fawnog, Flintshire, remarkable ‘flat’ 
of lead ore at, 683. 

Felspars, chemical compositions of vari- 
ous table t)f, 355. 

Felspar crystals, amid altered stratified 
rocks, 608. 

, decomiK)sition of, 24. 

Fiiigal’s Cave, basalt of, 407. 

Fish, ejected from volcanos, 349 ; fossil, 
occurring as if suddenly destroyed, 
537. 

Fissures, in volcanos, filled by molten 
lava, 378 ; earthquake, flame and va- 
pours from, 429 ; through rocks, pro- 
duction and directions of, 650 ; relative 
dates of, 653 ; evidence of succession 
of, 656 ; in rocks, split at their ends, 
657 ; effects, amid mixed rocks, of lines, 
of least resistance to, 658; filling of 
with mineral matter, 665 ; filling of 
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minor, 667 ; deposits from solutions in, 
668 ; opened beneath seas, 671 ; cha> 
racterof substances filling, 673 ; action 
and reaction of substances in, 674; 
coating of wo Us of, by mineral matter, 
696 ; coated by dissimilar substances, 
6!>7 ; several successive movements in 
the same, 698 ; sliding of sides of, on 
mineral matter accumulated at inter- 
vals, 700; fractures through contents 
of, 702. 

Fitton, Dr., on earthy (ancient soil) bed, 
Vale of Wardour and Boulonnais, 518 ; 
on fossil shells in the position in which 
their animals lived, 535. 

Fitzroy, Capt. R.N., on effects of earth- 
quake on coasts of Chili, 433. 

Flames from volcanos, 323. 

Floods, geological effects of, 26. 

Fluviatile deposits, mammalian remains 
in, 295. 

Foot-prints of air-breathing animals on 
mud and sand, 128 ; on the surfaces of 
rocks, 523. 

Forbes, Prof. E., on the distribution of 
marine animals in the iEgean Sea, 146 ; 
on zones of depth in, ib. ; in British 
seas, 152; on tlie origin of the British 
flora, 282 ; on Santorin group, 393 ; on 
movements of coast, Bay of Macri, 
442 ; on shells in raised beaches of the 
Clyde, 459; on fossils of liOngmynd 
district, 475 ; on conditions of Portland 
and Purbeck deposits, 518. 

Forbes, Prof. James, on glaciers, 210,213 ; 
measurements of tlie motion of glaciers, 
218; on glaciers in Skye, 270 

Forchhammer. Prof., on the salts in sea- 
water, 109 ; on the effects of ice in the 
Baltic, 247 ; on solubility of part of 
matter of felspars, 670. 

Forest marble, diagonal arrangement of 
organic remains of, .5.36. 

Fossil trees and ancient soils. Island of 
Portland, 517. 

Fossils, distortion of by cleavage, 622, 

Fournet, M., on character of rocks af- 
fecting mineral veins, 680 ; on gneiss 
pebbles in mineral veins, 696 ; on the 
deposit of different mineral substances 
in veins, 698. 

Fox, Mr. Robert Were, on electro-mag- 
netic properties of mineral veins, 675 ; 
experiments illustrative of cleavage, 
622. 

Fractures, considerable, of beds, amid 
plicated rocks of mountain chains, 642. 

Fresh-water deposits, evidence of land 
from, 488. 

Friction marks on rock surfaces, 527. 

Frome, Somersetshire, mode of occur- 
rence of inferior oolite, near, 486; 
forest-marble of, .536. 

Fundy, Bay of, foot-prints of animals on 
muddy shores of, 129, .525. 

Fusibility of rocks, to be viewed with 
reference to complete mixture of their 
component parts, 589. 

GAiiE, Dr. L. D., on the solid contents of 
Great Salt Lake, 723. 


Gambler’s islands, 176. 

Ganges, bore wave in the, 79 ; Delta of 
the, 85 ; body of water discharged by, 
86 ; detrital matter of, 86. 

Garnets, in altered sandstone, 612 ; pro- 
duction of, in altered rocks, 611 ; com- 
position of, ih. 

Gases, certain, liqqid under different 
pressures, 381. 

Geneva, Lake of, soundings in, 42 ; de- 
posits in, 44; temperature of, 96. 

Geological maps and sections, 717. 

survey of Great Britain, maps and 

sections of, alluded to, .507, 649, 653, 
658, 661, 662. 

Geysers of Iceland, 15 ; situation of, 372 ; 
mode of action, ib ; mineral contents, 
373 ; siliceous deposits of, 1.5, .373, 374. 

Giant’s Causeway, jointed columnar 
structure of basalt at, 407. 

Glaciers, in the Alps, origin of, 209 ; 
structure of, 210 ; motion of, 213, 219 ; 
transport of boulders by, 219; rocks 
grooved by, 220; advance and retreat 
of, 213, 223; supposed extension of, 
265; table of their declivities, 266; 
in Himalaya, 224 ; in the Arctic re- 
gions, 225; in the Antarctic regions, 
231; in South Georgia, 239; in the 
Britis>i Islands, 270 ; straits of Ma- 
gellan, 210. 

Glamorgan si lire, thickness of coal mea- 
sures of, .507 ; lias of, 482 ; carbonate 
lime of, ib. 

GlydjT VawT, false and irregular beds 
in, .5.33. 

Gneiss, production of certain kinds of, 
613. 

Godolphin Bridge, Cornwall, lode of, 699. 

Graham Island, formation of, 70. 

Granite, mode of decomposition, 2, 6 ; 
relative date of, in Wicklow and Wex- 
ford, anterior to old red sandstone, 
562 ; in Cornwall and Devon, posterior 
to the coal measures, .563; mode of 
occurrence of, in south-west England 
and south-east Ireland, 573 ; veins of, 
575; schorlaccous, of Cornwall and 
Devon, .578; porphyritic, 579; mine- 
rals, additional to those in ordinary, 
680; general resemblance of, in dif- 
ferent regions, .586; chemfcal differ- 
ence of, from hornblcndic rocks, 587 ; 
prevalence of silica and alumina in, 
587 ; of comparatively recent date in 
Catalonia, .588 ; columnar appearance 
of, from joints, 626 ; masses of, exposed 
by denudation amid disturbed rucks, 
646. 

Granitic rocks, chemical composition of, 
577 ; alterations of rocks near, 609. 

Graves, Captain, R.N., survey of San- 
torin group, 393. 

Great circles of comparison, for direc- 
tions of mountain chaini, 6.33, 

Great Crinnis Lode, Cornwall, change of 
character of, in range of, 688. 

Great Salt l^ake of North America. 723 ; 
extent of, ih. ; solid contents of, ib. 

Greenland, glaciers in, 226, 228 ; gradual 
depression of land at, 441. 
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Greenstone, composition ami character 
of, 585, 587. 

Crenelle, near Paris, temperature found 
at Artesian well of, 4G5. 

Ground, gradual submergence of, during 
deposit of coal measures, 506. 

Ground-ice, formation of, 242. 

Gulf stream, 94, 132 ; saline matter in, 
107. 

Gypsum, deposits of, Iceland, 375 ; occur- 
rence of, in tlie trias, 601. 

Gwennap, Cornwall, range of elvans, 
lodes and cross courses in, 566. 

Habits, probable, of animals, regarded 
with reference to distribution of or- 
ganic remains, .546. 

Hausman, M., on change of sulphuret 
into carbonate of lead, in mineral veins, 
691. 

Hawaii, volcanos of, 332. 

H eat, alteration of rocks on minor scale 
by, 607. 

Hecla, eruptions of, 343. 

Henry, Mr., on deposits of silica, from 
silicate of soda, 606. 

Hen wood, Mr., on mines of Cornwall 
and Devon, 687. 

Hermann, M., analysis of black schorl, 
612. 

Hillsborough, Ilfracombe, North Devon, 
cleavage near, 616. 

Himalaya, snow-line of, 207 ; glaciers of, 
224. 

Hitchcock, Prof., on foot-prints of birds 
in red sandstone series, Connecticut, 
523. 

Hohnbaum, Dr., on foot-prints of animals 
on surfaces of rocks, 523. 

Holyhead Mountain, Anglesea, cleavage 
through quartz rock at, 60.). 

Homogeneity, eflects of want of, among 
rock accumulations, upon production 
of fissures. 651. 

Hooker, Dr., on height of snow line, 
north and south sides of Himalaya, 
207 ; on Diatomacca*, 23S. 

Hopkins, Mr. William, on production and 
direction of fissures, 6.50. 

Horizontal deposits, upon contorted rocks, 
jj^ution respecting, 63.5. 

"llornblenJtb, chemical composition of, 4, 
582. 

Hornblendic rocks, chief chemical dif- 
ferences of, from granite, .586 ; slate, 
produced by alteration of hornblendic 
ash beds, 610. 

Horner, Mr., on submarine forest of 
Bridgewater levels, 448. 

Horse, in mining, description of the term, 
704. 

Hot springs, 15. 

Humboldt, Alex, von, on the snow line, 
208 ; on mud volcanos, 410 ; on local 
interruptions of earthquakes, 423 ; 
on earthquakes traversing inuuntaiii 
chains, 424 ; on sounds accompanying 
earthquakes, 430. 

Hunt, Mr. Robert, experiments illustra- 
tive of cleavage, 622. 

Hyena, bones of, in oaves, 298. 


Hypersthenerock, Cocks Tor, Dartmoor, 
610. 

Icebergs, range towards the equator, 
231, 23.5, 237; formation of, 229; geo- 
logical effects of, 230, 236, 247. 

Ice, influence of, in transporting mineral 
matter, 206, 241, 243, 248, 260; effects 
on sea-coasts, 245 ; of glaciers, struc- 
ture of, 210. 

Iceland, submarine eruptions near, 100 ; 
eruptions of its volcanos, 343; com- 
position of palagonite tuff of, 368; 
geysers of, 15, 373. 

Iceland, volcanic rocks of, 724 ; chemical 
composition of the trnchytic rocks of, 
725. 

Igneous matter, flow of from submarine 
vents, 381. 

Igneous products, more ancient than 
modern volcanic, 551 ; simple sub- 
stances comj)osing, 5.52 ; fossils amid 
older, in British islands, 554. 

Igneous rocks, decomposition of, 4 ; 
ancient range of, in counties Water- 
ford, Wexford, and Wicklow', decom- 
position of, 553 ; of Derbyshire, mode 
of occurrence of, 558; structure of, 
560 ; range of, from Scilly Islumls 
towards Tiverton and Exeter, 568: 
chemical compo&ition of ancient, 57u; 
general resemblance of, in various 
parts of the w’orld, 585 ; altered struc- 
ture of, 610 ; matter added to, by melt- 
ing of parts of other rocks, 591 ; gene- 
ral remarks respecting, 592 ; readjust- 
ment of parts of altered, 610; modifi- 
cations of, from percolations of solu- 
tions, 5.)0. 

Icthyosaurus, preservation of skeletons 
of, 539. 

Ilfracombe, North of Devon, cleavage 
through contorted beds near, G17. 

Imbaburu, fish ejected from, 34J. 

Indian Ocean, currents in, 9.5; coral reefs 
in, 168; form of its coasts, 137. 

Inferior oolite, boring molluscs of time 
> of, 485 ; overlap of, Mendip hills, ibid 
; Infusorial animals, remains of, in rocks, 
547. 

i Insects, recent, drifted from land by 
winds, .548. 

: Insects, remains of in rocks, 122. 

: Inversion of coal measures, mountain 
limestone and old red sandstone. 
Laugum Ferry, I’embrokeshire, 647. 

Ireland, distribution of detritus on south 
of, 460 ; granite of south-eastern, alter- 
ations of rocks near, 60.) ; extent of 
bogs in, 11.5. 

Iron oxides, influence on colour of rocks, 

10 . 

Iron pyrites in slate, .590; crystals of, in 
clays and shales, 600. 

Island masses, left by denudation, 710. 

Island of Cape Breton, successive growths 
of terrestrial plants at, in coal-measures, 
505. 

Island of Jura, Hebrides, raised beaches 
of, 462. 

Islands, volcanic, of Pacific, 389. 
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Isle of Wight, present effects of breaker 
action on coast of, 712; matter re- 
moved by denudation in, 713. 

Isomorphous substances, 3.54. 

Isthmus of Panama, effects produced by 
depression of, 49.5, .541. 

Jamaica, great earthquake at, 426. 

James, Capt., R.E., on mode of occur- 
rence of old red sandstone, Ross, Here- 
fordshire, 533. 

Java, volcanos in, 348, 349. 

Joints, 624; approximation of to cleav- 
age, 625 ; among granitic rocks, 626 ; 
amid sedimentary rocks, 627 ; among 
coarse conglomerates, 628; in com- 
pact limestones, 629; in lias shales, 
ih, ; metalliferous deposits in, 685. 

Jorullo, sudden production of, 346. 

Jukes, Mr. Beete, on Great Barrier reef, 
181, 185. 

Jupiter Serapis, temple of, Puzzuoli, rise 
and depression of 436. 

Junctions of granite and schistose rocks, 
Cornwall, character of mineral veins 
traversing, 677. 

Katmeni, New, Santorin group, elevation 
of, 391. 

Kaiip, Prof., on footprints of animals on 
surfaces of rocks, 523. 

Keeling atoll, account of, 168. 

Kent’s Hole, Devon, 302, 307. 

Kettle and Pans, Scilly Island, 6. 

Kilauea, description of its crater, 333, 
a38 ; lava flow of, 339 ; analysis of vol- 
canic glass of, 357. 

Killamey, Lake of, decomposition of 
limestone at margin of, 8. 

Killingworth colliery, Newcastle, ver- 
tical stems at, 502. 

Kirkdale bone cave, 297. 

Labradorite, composition of, 359. 

Lacustrine deposits, 42, 43, 44. 

Lafu Island, 196. 

Lagoon Islands, 177 

Lakes, formation and removal of b^' 
rivers, 39, 40 ; deposits in, 42—45 ; 
temperature of, 96 ; organic remains 
in, 120; of North America, extent of, 
140. 

and rivers, effects of earthquakes 

on, 428 ; on the outskirts of mountains, 
493. 

great, of North America, effects of 

submergence of, 499. 

Land, effects of depression and rise of, 
254 ; ancient, of Silurian period, 475 ; 
effects of rise of, over a wide area, 
492 ; effects of unequal elevation, id. ; 
elevation and depression of, during 
earthquakes, 431 ; elevation and de- 
pression of masses of, from variations 
in their heat, 438 ; quiet rise and sub- 
sidence of, 435; effects produced by 
elevation of, 489— 491 ; varied effects 
of submergence of, beneath sea, 495; 
depression of beneath sea, effects on 
distribution of marine life, .543. 

Landes, sand-hills in tlie, 61. 


Land-slips, causes of, 21, 22. 

Lapilli, volcanic, among igneous pre 
ducts, amid Silurian rocks, 555. 

Lapse of time during deposit of con 
measures, 513. 

Lateral pressure, evidence of, in chair 
of mountains, 641. 

Lava, molten, action of juxtaposed, c 
subjacent rocks, 007. 

Lava streams, 326, 339 ; forms of, 328 
effects of on trees, 340 ; composition t 
356 ; lamination of, 364 ; currents, slo' 
cooling of, 365 ; dyke of, crater of V 
suvius, 379 ; ejected through fissure* 
380. 

Lavas, comparison of those of Mon' 
Somma and Vesuvius, 388. 

and tufis, softening and raising c 

382. 

Lavernock Point, Glamorganshire, con 
plicated fault near, 603. 

Lead, suli)huret of, converted into ca 
boiiate, in mineral veins, 692. 

Leaders in mining, description of tl 
term, 704. 

Leucite, chemical composition of, 359. 

Lias, beaches at the time of, 480; restin 
on disturbed carboniferous limeston 
481 ; of South Wales, 4S2 ; varied mod 
of occurrence of, 484 ; land of tiiv 
of, 487 ; laminated nodules of, 597 

Life, effects on distribution of, fro' 
elevation and depression of land, 542. 

animal and vegetable, conditio" 

for distribution of, at all times, 53? 
modificati(>ns of, from altered positioi 
of land and sea, 540. 

Light, influence of, onmarine life,144, 14: 

Lime, bicarbonate of, in solution, li 
in seas, 107 ; how deposited, 109. 

Limestone districts, temperature 
W'aters in, 469. 

fossiliferous, fragments of ejeclo 

from 5 esuviuB, 36.3 

Limestone and slmle, irregular alterna 
ing deposits of, 5?)5. 

Limestones, how decomposed, 7 ; join 
in, 629. 

Lime and magnesia added to lava 1 
melting of limestone and dolomite, 36. 

Lipari Islands, eruptions in, 348. ^ 

•— obsidian, globules in, rffid lamin 
tion of, 365. 

Lisbon, great earthquake of, 417. 

Little Sole Bank, off southern Briti? 
shores, rugged character of bottc 
near, 46u. 

Littoral sea-bottom, raised near Ne 
Quay, Cornwall, 4.56 ; atPorth-dinllc> 
Caernarvonshire, 4.58. 

Logan, Mr., on vertical stems of coa 
measures, ,501. 

Ldven, Prof., on the molluscs of Nc 
M'ay, 149. 

Lyell, Sir Charles, on glaciers in Forfa 
siiirc, 270 ; on the habils of fossil el 
phant, 284 ; on origin of the ^'■al d 
Bove, Etna, 387 ; on great Lisbon earl 
uoke, 417 ; on earthquakes of t 
lississippi valley, 429; on eartbqua 
in tlie Runn of Cutch, 4^4 ; on rise ai 
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depr<»B8ion of coasts of Puzzuoli, 437 ; 
on gradual rise of land in Norway and 
Sweden, 440 ; on vertical fossil forests 
in coal-measures, Bay of Fundy, 505 ; 
in foot-prints of birds, shores of Bay 
of Fundy, 525. 

Lyme Regis, landslips at, 22 ; fracture in 
rocks near, 321 ; joints in shales of 
lias at, 621) ; faults near, 660. 

Mackenzie, Sir G., on the Geysers of 
Iceland, 15. 

Maculaba, mud volcanos of, 412. 

Magellan Straits, glaciers of, 240 : climate 
of, 240. 

Maldiva Islands, 1 77, 202. 

Mallet, Mr., on earthquakes, 418, 420. 

Malvern Hills, 262. 

Mammals, British, found in caves, 30; 
entombment of, 119; remains of, in 
British seas, 294 ; in tluviatile deposits, 
295 ; extinct, of central France, 306 ; 
in sunk forests, western England, 449 ; 
remains of, in oolitic rocks, 549. 

Mammoth remains, 284, 289, 293, 294. 

Maiitell, Dr., on raised beach near 
Brighton, 459; on M^'ealden deposits, 
519. 

Maps and sketches, construction of, 718. 

Marcct, Dr., on density of sea- water, 98. 

Marine life, distribution of, 142. 

Marine remains in parts of the coal- 
measures, 515, 

Marmora, M. do la, on elevation of coast 
in Sardinia, 442. 

Maui, Hawaiian Islands, great volcanic 
Assure at, 380. 

Mauna Kea, volcano, 332. 

Mauna Loa, volcano, 332, 335. 

Mauritius, coral reefs of, 177. 

Mastodon, remains of, 293, 315. 

Mediterranean Sea, volcanic accumula- 
tions in, 69 ; deiK)sits in, 71 ; currents 
in, 71 ; distribution of animals in, 146; 
movements of coasts in, 442 ; effects of 
closing the Straits of Gibraltar on, 
491. 

Mendip hills, beaches of time of new* red 
sandstone at, 476 ; geological map of, 
478; lias of, 484; inferior oolite of 
^,1^84 ; overlap of inferior oolite at, 4S.5; 
faults^n, 652, 661 ; character of ancient 
coasts of, 707 ; denudation of rocks in 
vicinity of, 709 ; amount of denudation 
at, 713. 

Merope rocks, Cornwall, 52. 

Metals, certain, iti mineral veins, occur- 
rence of sulphur and arsenic with, 
773; analogous properties of certain 
ores of, 672. 

Methone, ancient volcano at, 346. 

Mexico, (iulf of, deposits in, 75; coast 
of, 132; currents in, 94. 

volcanos of, 400. 

Miallet, ossiferous cave of, 303. 

Mica, introduction of matter of, into 
altered rocks, 613. 

Mica slate, production of certain kinds 
of, 613. 

Millstone grit, granitic character of, if 
metamorphosed, 613. 


Mine waters, character of, 675. 

Mineral matter gather^ together in 

S lanes of cleavage, 624; Ailing of 
Bsurcs and other cavities of rocks by, 
665 ; solubility and deposit of, in 
Assures, 668 ; replacement of one Idnd 
by another, in veins, 694. 

springs and veins, similar sub- 
stances in, 672. 

substances certain, more abundant 

at crossing of veins, 704 ; inAltration of, 
into cracks of ironstone nodules, 666. 

veins, or lodes, character of amid 

dissimilar rocks, 676, 680; through 
junctions of granite and schistose 
rocks, Cornwall, 677 ; character of, 
traversing elvans, Cornwall, 678; of 
Derbyshire, G81 ; directions of, in 
Cornwall, 687 ; different tlates of, ih . ; 
modiAcatioiis of, in depth and range, 
688 ; character of, on “ backs,” or 
upper parts of, 691 ; effects of atmo- 
spheric iiiAucnces on upper parts of, 
691 ; modiAcation of contents of, 692; 
pseudomorphous crystals in, 694 ; 
arrangement of mineral matter in, 695 ; 
fragmentary condition of contents of 
many, 696. 

veins and common faults, range 

of, in Cornwall and Devon, 659. 
Minerals, different fusibility of, in vol- 
canic rocks, 360; sinking of unfused, in 
molten rock, according to speciAc gra- 
vity, 361 . 

Mines, temperature of rocks in, 464. 
Mimisan, destroyed by sand-hills, 61. 
Mississippi, Aoods in, 27, 7.5; delta of, 
76; rafts of wood in, 117; extension 
of earthquakes up the valley of, 424. 
Motle of occurrence of organic remains, 
.534. 

Mode of illustrating movements from 
faults, 656. 

ModiAcations in the distribution of life 
from changes in the relative positions 
of land and sea, 540. 

Molluscs, distribution of, 134; entomb- 
ment of, in detritus while living, 5;19 ; 
sudden destruction of multitudes of, 
.5,‘58; remains of, range of certain 
genera through different deposits, 548 ; 
marine, littond species of, covering up 
by dei>ression of coasts, 544. 

Mollusc shells, in rocks, replacement of, 
b}' various mineral substances, 666. 
Mont Blanc, view of the glaciers of, 212; 
proportional section from the Jura 
over, 646. 

Monte Nuovo, sudden formation of, 347. 

^mima, Vesuvius, origin of, 387. 

Moraines, glacier, formation of, 215, 218. 
Morris, Mr. J., on mammalian remains 
at Brentford, 312. 

Mountain ranges, modiAcation in direc- 
tion of, 639 ; obliteration of, 640. 
Mountains, production of lakes on out- 
skirts of, 493 ; ranges of, relative pro- 
portion of, to volume and radius of 
earth, 634; production of at diAereiit 
geological times, 635 ; direction of. 
638 ; evidence of lateral pressure in, 642. 
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Movements, several successive in the 
lame fissures, 698. 

Mud volcanos, 408; of Baku, 410; of 
Taman, 411 ; of Maculnba, 412. 

Muiiate of ammonia of volcanos, 376. 

Murchison, Sir R., on the effects of ice in 
northern rivers, 244, 260 ; on the low- 
ering of lakes, 254 ; on the elevation of 
Britmn, 280 ; on the fossil elephant of 
Siberia, 285, 288, 296 ; on mud volcanos 
of Taman and Kertch, 413 ; on gradual 
rise of land in Sweden and Norway, 
440; on Silurian rocks, 473; on Caspian 
region, 492 ; on vortical stems of plants, 
oolitic series, Yorkshire, 517 ; on date 
of rocks containing nummulites, 588 ; 
on great area of undisturbed rocks in 
Russia, 640. 

Naphtha, springs of, 413. 

Naples, effect on the coast near, 436. 

Nelson, Capt., on Bermudas, 199. 

Newfoundland, Bank of, 197 ; map, 198. 

New red sandstone, beaches of time of, 
in England and Wales, 476 ; distribu- 
tion of land and sea at time of, in 
western Europe, 487 ; of Devon, igne- 
ous rooks amid lower, 567 ; occurrence 
of gypsum in, 601. 

Niagara, Falls of, 39. 

Nice, osseous breccia at, 311. 

Nicol, Mr. J., on the ccmposition of fel- 
spars, 3.59. 

Nile, sediment and delta of the, 64 ; body 
of water from, ih. ; map of its delta, 65. 

Nilsson Prof, on the coast of Scania, 440. 

Nitrogen, in connexion with volcanic 
products, 376 ; evolved from mud vol- 
canos, Taman, 412. 

Nodules of impure carbonate of iron or 
lime, cracking of centres of, 597 ; 
filling of cracks with mineral matter, 
666 ; of phosphate of lime, 598. 

North America, lakes of, effects of sub- 
mergence of, 498. 

Great Salt Lake of, 723. 

North Devon, denudation of contorted 
rocks in, 710. 

North Wales, cleavage of rocks in, 618. 

Nolton and Newgale, Pembrokeshire, 
inlaying of mass of coal measures by 
faults at, 658. 

Norway, distribution of molluscs on 
coasts of, 150. 

Nullipora, nature of, 170. 

Nunney, Somersetshire, boring molluscs 
in carboniferous limestone, near, at 
time of inferior oolite, 485. 

Obsidian, chemical composition of, 358 ; 
laminae of spherules in, 365; merely 
vitreous state of rock, 365. 

Ocean, influence of its temperature on 
life, 141 ; influence of depth of, on life, 
142; floor of, effects of elevation and 
depression of, 526. 

Old red sandstone beaches of time of, in 
Scotland and Ireland, 475; mode of 
occurrence of, Ross, Herefordshire, 
533 ; cleavage of, 620. 

Olivine, composition of, 358, 584. 


Oolitic rocks, probable formation of, 106. 

series, ancient cliffs of, south-west 

England, 707. 

Ordin^ springs, temperature of, 468. 

Organic remains, mode of preservation 
of, 112 ; on dry land, 118 ; in the ocean, 
156; on coasts; 157, 159; in volcanic 
tuff, Santorin group, 394 ; mixture of 
beds with and without, 473 ; em- 
bedding of in tideless seas, 126; in 
marine deposits, 131 ; variable mode 
of occurrence of, amid fossiliferous 
rocks, 474; mixture of, of different 
periods, 496 ; mode of occurrence of, 
534 ; in the positions where their 
animals lived and died, 535 ; drift of, 
by currents, 536 ; diagonal arrangement 
of, ib. ; among ancient volcanic tuffs, 
537 ; viewed with reference to land 
and sea at all times, .539 ; effects of 
rise and fall of land, on distribution of, 
544 ; particular kinds of, reference to 
conditions respecting, 546; forming 
beds of rocks, 547 ; sometimes seen 
onlj’ by weathering of rocks, ib. ; che- 
mical composition of, 548; caution re- 
specting suppc»sed characteristic of 
deposits, .549; distortion of, by cleav- 
age action, 622 ; alteration of, by 
mineral matter, 697. 

Orinoco, delta of, 132. 

Orleigh Court, Bideford, widely sepa- 
rated patch of green sand at, 712. 

Osseous breccias, how formed, 309 ; in 
fissures, 310 ; at Nice, 311. 

Ossiferous caves, 119,297,309; general 
state of, 298, .304 ; remains found in, 
300 ; human remains in, 301 , 303, .304 ; 
dens of extinct carnivora, 302 ; pebbles 
found in. 306. 

Overlap of cretaceous beds in England, 
521. 

Owen, Professor, on the fossil elc[diant, 
28.5, 289 ; on the upper tertiary 
mammals of Great Britain, 293. 

Oxen, foot-prints of, among trees of sunk 
forests, Soiitli Wales, 450. 

Oxidation of crust of earth, effects of, 
636. 

Pacific Ocean, currents in, 95 ; co|jj^ 
of, 134; coral islands in, 172.* 

Papandayang volcano, falling in of, 348. 

Partial removal of coal-beds during the 
deposit of the coal measures, 511. 

Pavifand cave, human remains in, 303,314. 

Pebbles of coal in coal-measure accumu- 
lations, 514. 

Palagonite tuff, composition of, 369 ; ac- 
tion of pure water on, 370; of sul- 
phuretted hydrogen, hydrochloric, and 
sulphuric acid on, 371. 

Pebbles, occurrence of, in mineral veins, 
696. 

Pele’s Hair, 338, 3.57.v 

Pembre, Carmarthenshire, foot-prints of 
deer and oxen in sunk forest of, 451. 

Pentuan, character of elvan of, 567. 

Pentuan tin-stream work, Cornwall, beds 
cum}K>sing, 449. 

Pentland Frith, tides in, 81. 
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Pepys, Mr.) on production of iron pyrites 
around li^diei of mice, 600. 

Perran Bay, Cornwall, raised sand-dunes 
at, 458. 

Phillips, Professor John, on Malvern 
Hills, 475 ; on igneous rock (loadstone) 
of Derbyshire, 559. 

Phosphate of lime, nodules of, 598. 

Pierre H Bot, erratic block, 273. 

PiH^ Professor, on flames in volcanos, 

Pingel, Dr., on gradual depression of 
land in Greenland, 441. 

Plants, fossil, distribution of, in beds of 
coal measures, 504 ; drifts, of, in coal 
measures, 510. 

Plata, river, estuary of, 132. 

Playfair, Dr. Lyon, on the decomposition 
of sea-water, 109. 

Playfair, Professor, on the transporting 
power of glaciers, 268 ; on the habits 
of extinct elephants, 284. 

Plesiosaurus, preservation of skeletons 
of, 539. 

Plymouth Sound, coast of, cleavage 
through Devonian rocks and porphyry 
veins at, 621. 

Polventon Cove, Cornwall, 52. 

Porphyritic structure in certain altered 
sedimentary deposits, 607. 

Porthdinlleyn, Caernarvonshire, raised 
littoral sea-bottom at, 458. 

Portishead, near Bristol, re-exposure of 
old rock surfaces by breaker action at, 
712. 

Portland, Island of, fossil trees and an- 
cient soils of, 517. 

Port Famine, climate of, 240. 

Port Royal, Jamaica, sinking of part of, 
during an earthquake, 426. 

Port Talbot, Glamorganshire, foot-prints 
of deer and oxen in sunk forest of, 451. 

Po, rise of its bed, 32 ; delta of the, 66. 

Pratt, Mr., on comparatively' recent gra- 
nite in C'atalonia, 588. 

Preservation of entire skeletons of Sau- 
rian s, 539. 

Prestwich, Mr. J., on fossil shells in the 
positions in which their animals lived, 
536. 

Products, ancient igneous, contempo- 

A^aneous among Silurian rocks, 553; 
among Devonian rocks, 557 ; in lower 
part of new red sandstone, 567. 

Proportion of height to distance, import- 
ance of, in geological sections, 720. 

Pumice, composition of, 357. 

Puzzuoli, Naples, rise and depression of 
coasts of, 436. 

Quartz rock, structure of, 604. 

Quorra, delta of, 86. 

Rafts in the Mississippi, 117. 

Raine’s Island, 183. 

Rain, marks of, on surfaces of rocks, 
524. 

Ranges of mountains, obliteration of, 
during lapse of geological time, 639; 
usual maraed squeezing and contortion 
of rooks in, 641. 


Ramsay, Professor, on land of Silurian 
period, 475 ; on denudation, 713. 

Rtused beaches, of Plymouth, 455; of 
Falmouth, ib.\ of New Quay. Cornwall, 
456 ; with reference to heights of tide, 
452 ; concealed by detritus, 454. 

Baised coast-lines, care required in 
tracing, 461. 

Ravines, how formed, 35, 36 ; difference 
of, ib. 

Redfield, Mr., on drift ice and currents, 
228. 

Red Sea, coral reefs in, 18.5. 

Remains, marine organic, in parts of coal 
measures, 515. 

Rhine, bending and plication of Devonian 
rocks of, 645. 

Rhinoceros, extinct, 284, 286, 293, 312, 
316. 

Rhone, debacle in valley of the, 41 ; delta 
of the, 66 ; erratic blocks of, 266. 

Ripple or friction marks on surfaces of 
rocks, 527. 

Rise and subsidence of land, quiet, 
43.5. 

Riobamba, great earthquake at, 419. 

River-ice, effects of, 242. 

Rivers, transporting powers of, 27 ; rise 
of tlie bed of, 32 ; action of, on their 
beds, 31, 33; deposits in estuaries of, 
84, 126 ; organic remains in estuaries 
of, 126 ; subterranean, dex)Osiis in their 
channels, 307 ; effects of continued 
elevation of land above sea on, 489. 

Rocks, decomposition of, 1, 2, 5, 9 : 
specific gravity of, 26, 353 ; chemical 
composition of volcanic, 354; fusion 
of portions, broken off in volcanic 
vents, 363 ; mixed volcanic molten 
and conglomerates, 38.) ; filters, allow- 
ing water to pass through in given 
quantity and time, 467 ; modification 
in the structure of, after accumulation, 
consolidation of the component parts 
of, 594 ; crystalline modification of, 
608 ; alteration of, near granitic 
masses, 609 ; movement of, after joint- 
ing, 630 ; bending, contortion, and 
fracture of, 632 ; fiexure of, 643. 

Rocks, calcareou^ sometimes wholly 
formed of organic remains, 547. 

Rocks, granitic, decomposition of, 1 ; 
forms of, when decomposed, 3, 6 ; ig- 
neous, decomposition of, 4; physical 
structure of, influencing decomposition, 
5 ; weathering of, 8 ; containing iron, 
decomposition of, 10 ; removal of so- 
luble parts, 12. 

Rogers, the Professors, on lamination of 
rocks, 622]; on the bending and plica- 
tion of rocks, 643. 

Rogers, Prof. U., on the Devonian rocks 
of the Rhine, 645. 

Rossberg, slide of the, 21. 

Ross, Herefordshire, mode of occurrence 
of old red sandstone at, 533. 

Ross, Sir James, observations on the 
temperature of the ocean, 97 ; on the 
Antarctic seas, 233, 235. 

Runu of Cutch, effects of earthquake at, 
433. 

o B 
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Sabrina Island, formation of, 100. 
Sahara, Great, effects of submergence of, 
498. 

Salses, or mud volcanos, 408. 

Salt in ocean, 107. 

Saltash, examples of ancient igneous pro- 
ducts at, 557. 

Sandberger and Bamour, MM., analysis 
of Great Geyser water, 372. 

Sand dunes, raised, at St. Ives and Perran 
Cornwall, 458. 

San Filippo, baths of, 13. 

Sand-hills, formation of, 59; of the 
Landes, 61 ; of Cornwall 62; of France, 
63. 

Sandstones, forms of, when decomposed, 
8; coal-measure, false bedding of, 
508. 

Santorin group, 391 ; submarine charac- 
ter of, 393 ; view of, 395 ; quiet depo- 
sits iuside of, 394. 

Sardinia, elevation of coast at, 442. 
Saurians, preservation of skeletons of, in 
rocks, 539. 

Saussure, M. de, on glaciers, 209. 
Scandinavia, erratic blocks from, 275; 
upraised marine shells in, 283 ; raised 
coasts of, 410 ; raised coast-lines of, 461. 
Schmerling, Br., on the ossiferous caves 
of Liege, 304. 

Schorl, composition of, 517; in altered 
rocks, Cornwall, 612 ; rock, composition 
of, 6. 

Sciacca Island, formation of, 70, 191. 

Sea, action of, on coasts, 46. 

Sea-bottom, effect of raising around Bri- 
tish Islands, 520; rugged and moun- 
tainous, off Britii^ shores, 460 ; eleva- 
tion of, round British Islands, effects 
of, on littoral marine life, 544. 
Sea-bottoms, ancient, marks of wave and 
current friction upon, 530; effects of 
earthquakes upon, 531 ; different kinds 
of, distribution of organic remains with 
reference to, 546. 

Sea-waves produced during earthquakes, 
420 ; breaking of, on coasts, 428. 
Sea-water, analysis of, 73, 108 ; speciffc 
gravity of, 72, 107 ; temperature of, 
96, 97, 142, 234 ; amount of air in, 145 ; 
pressure of, 143; salts in, 107. 

Seas, fissures, highly heated in depth, 
opened beneath, 671. 

Sections, of denuded igneous rooks, 561 ; 
of mountain ranges required to be 
proportional, 641. 

geological, construction of, 720. 

Sedgwick, Professor, on cleavage of 
rocks, 625, 618; on joints, 625. 
Sediment, deposit of, in tideless seas, 64 ; 
in tidal seas, 78 ; distribution of, in the 
ocean, 98. 

Septaria, obaraelerB of, 597. 

Serpent^ <if C^pwall, 580 ; of Caemar- 
vonshilre and .Aiglesea, 582 ; chemical 
compositioA 588 ; composition of, 
and of olivUmdOillpaiod, 5^. 
Seife&tiiies, inribtii dates of, 588. 

tides labile, 79, 84 ; estuary of, 

Sbarpi^ Mr. B., on cleavage, 622. 


Shells, s^ific gravity of land, 122 ; ma- 
rine, 161 ; replacing of by mineral 
matter, 666. 

Shell-sand, use of, 163 ; consolidated, of 
New Quay, Cornwall, 456. 

Shepton Mallet, Somersetshire, mode of 
occurrence of lias near, 481. 

Shingle beaches, formation of, 54 ; pro- 
gress of, 57. 

Siau, M., on coral reefs at the Isle of 
Bourbon, 179. 

Siberia, fossil elephant of, 284 ; frozen 
soil of, 291 ; temperature of, at different 
depth^ 291, 464. 

Silicate of lime, effect of, in igneous rocks, 
571. 

Silica, in water, 15 ; different fusibility 
of, when free or combined, 360 ; rela- 
tive amount of, in crust of earth, 
552 ; consolidation of rocks by, 605 ; 
different proportion of, in volcanic 
rocks, 725. 

and silicates, importance of, in 

consolidation of detri^ deposits, 605. 

Silicates of potash and soda, decom- 
position of, 2. 

Silliman, Professor B., on composition of 
corals, 168 ; of lava, 357. 

Silurian rocks, contemporaneous iraeous 
products amid, 553* spheroidal con- 
cretions in, 599 ; modifications of, 609. 

Skerries, county Bublin, good examples of 
joints through conglomerates near, 628. 

Skulls, human, found in tin stream-works, 
Cornwall, 449. 

Slices of land, new, now' cutting off by 
breaker action, 711. 

Smith, Mr. James, of Jordan Hill, on 
Arctic shells in British deposits, 281. 

Smyth, Capt., on pressure of the sea, 143. 

Smyth, Mr. ’Warinrton, on “flat’* of 
lead ore, Fawnog, Flintshire, 683 ; on 
character of Spital vein, Schemnitz, 
689. 

Snow line, height of the, 208. 

Snows, sudden melting of, on volcanos, 
3.50. 

Soapstone, composition of, 584. 

Soda felspar ^albite) in granite, 587. 

Soils, formation of, 1, 2 ; ancient, of 
Isle of Portland, 517; conditions for 
production of, 518. r ^ 

Solfatara, near Puzzuoli, 372’.'^ 

Solutions, deposits ft-om, in fissures, 670. 

Sounds accompanying earthquakes, 430. 

South Georgia, glaciers of, 239. 

Southern Ocean, physical features of, 139. 

South Pembroke^re,ldenudation of, 715. 

South Wales, beaches of time of new red 
sandstone, 476; contorted coal mea- 
sures of, 647 : denudation of, 713. 

South-eastern Ireland, relative dates of 
cleavage of rocks in, 620. 

South-western England, faults in, 660. 

Soutii-West England and South-east 
Ireland, mode of occurrenpe of granite 
in, 573. 

Species, littoral, of molluscs, destruction 
of, by depression of land, 543. 

Species of loseils, relative abundance of 
individuals in different localities, 549. 
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Spitzberffen, gladen in, 226, 229. 

Spratt, Capt., B.N., on movements of 
coast, Bay of Macri, 442 ; on Santorin 
group, 393. 

Springs, mode of oridot 5, 16 ; arising 
from faults, 17 ; substanoes in solution 
in, 17 ; thermal, 18. 

Stansbury, Capt, on the Great Salt Lake, 
723. 

Staurolite, production of, in altered rocks, 
611. 

Steam and vapours of mineral substances, 
effects of in fissures, 671. 

Stems of plants, vertical, in coal mea- 
sures, 502 ; filling up of hollow, 504 ; 
in oolitic series, xorkshire, 516. 

Stevenson, on force of breakms, Atlantic 
and German Oceans, 47. 

Stigmaria, roots of sigillaria, distribution 
of, in beds beneath coal, ^1. 

St Agnes, Cornwall, minor contempo- 
raneous cracks at, with fallacious ap- 
pearance of two movements, 654. 

St. Austell, Cornwall, mineral veins of, 
657 ; joint veins of, 686. 

St. Lawrence river, tides in, 83 ; effects 
of ice in, 242. 

St. Michael’s Mount, Cornwall, granite 
veins at, 576 ; metalliferous joints amid 
granite of, 684. 

St. Paul, Island of, Indian Ocean, struc- 
ture oL 396. 

Straits of Gibraltar, effects of closing, 491, 

Stricldand, Mr., on fresh-water shells 
with bones of extinct mammals, 295. 

Stromboli, in constant activity, 345. 

Structure, globular, of basalt, 404 ; co- 
lumnar or basalt, 405. 

Structure of rocks, influence of, 5. 

Sublimations from volcanos, 324. 

Submarine volcanic deposits, modifica- 
tions of, 389. 

Submergence of land, effects of, 498. 

Successive disturbances of rocks, 635. 

Substances forming solid surface of earth, 
chiefly oxides, 673 ; character of, filling 
fissures, ib. 

Sudden destruction of multitudes of mol- 
luscs, 538. 

Sulphate of lime, mode of occurrence of, 
in trias marls, 601. 

^bslphate of bar^a, solubili^ of, 669. 

Sulphur nf^^with metals m veins, 673. 

Sulphuret o^ron, common in many 
hornblendic and felspathic rocks, 590 ; 
in mud deposits, 600. 

Sulphurets of lead, copper, and iron re- 
placing the matter of shells, 666. 

Sulphuretted hydrogen, evolved from 
the Solfatara, Puzzuoli, 372. 

Sulphurous waters of Iceland, 375. 

Sunk, or submarine forests, 445 ; of 
Western Europe, 446 ; beneath sea in 
roadsteads, 44/: mode of occurrence 
of, 447; localities of, 448; mammal 
remains in, 449. 

Surface of ea^, rending and squeezing 
of, forming mountains, 641. 

Surfaces of (^-measure sandstones, 50;i. 

Surfaces of rocks, cracked, 522 ; foot- 


character of, 527 ; friction marks on, 
528; ridging and furrowing of, 529: 
various modifioations of, 530. 

old, of rocks, again exposed by de- 
nudation, 711. 

Swain’s reefs, 182. 

Swansea, deposits on the coast near, 88 ; 
range of faults near, 661, 

Syenite, composition of, 585. 

Syenitic porphyry, chancter of, 585. 

Tahiti, volcanic rocks of, 389. 

Taman and Kertch, mud volcanos of, 411. 

Temperature, changes of, effect of, upon 
the structure of rocks, 602. 

Temperature of lakes, 96 ; of the sea, 97, 
98, 14^ 207; of space, 206; of the 
atmosphere, Sb7 ; constant in the caves, 
Paris Observato^, 465 ; variable from 
unequal percolation of water throt^ 
rock^ 466; rate of increase of, in 
rocks, in depth, 470. 

Tenby, flexures and plications of coal 
measures and mountain limestone near, 
647. 

Teneriffe, Peak of. 390. 

Tessier, M., on tne ossiferous cave of 
Miailet, 303. 

Thickness of coal-measures, South Wales, 
507 . 

Thermal springs, 18. 

Thirria,M., on the Grotte de Fouvent,309. 

Thurleston rock, Devon, 52. 

Tides, influence of the, on the distribu- 
tion of sediment, 78, 89 ; rise of^ in 
different places, 78. 

Tierra del Fuego, glaciers in, 240. 

Tin stream-works, Cornwall, beds com- 
posing, 449 ; sunk forests of, ib. 

Tin pyrites, analysis of, 685. 

Toadstone of Derbyshire, 559 ; character 
of mineral veins traversing, 681. 

Tomboro, volcanic eruption at, 123. 421. 

Tongariro, New Zealand, mud gected 
from, 323, 408. 

Towey River, deposits from, 88. 

Town Hill, Swansea, coal pebbles In coal- 
measures of, 514. 

Trafalgar-square, London, composition 
of waters in Artesian well of, 603. 

Tramore, Waterford, sand-hills at, 62. 

Trachyte, nature of, 352; composition, 
356, 571. 

Trapj^an rocks, taken as a class, 586. 

Travertine, formation of, 13. 

Trees, fossil, of Island of Portland, 517 ; 
conditions of growth of, ih. 

Trias, occurrence of gypsum in, 601. 

Trimmer, Mr., on shells on Moel Trefan, 
279 ; on the Norfolk crag, 314. 

Tuff, fossiliferous, volcanic, 388 ; modifi- 
cation of, by gases and vapours, 369 ; 
volcanic, raia^ ^of Santorin group, 
394. 

Underclats, soils in which plants grew 
at time of coal-measmres, 502 ; quarti- 
ose, near Mumbles, Swansea, 604. 

Utah, lake of, notice^ 723. 
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Yal del Bove, Etna, description of, 386 ; 
origin of, 387. 

Yalleys in volcanic regions, drainage of, 
39. 

Yapours and gases in molten lava, 327. 
Yariable composition and hardness of 
rocks, to be regarded in their disturb- 
ance, 639. 

Yegetation, power of, in modifying de- 
composition, 11. 

Yeins, granite, 575. 

mineral effects of crossing of, at 

small angles, 704. 

Yertebrata, preservation of their remains, 

120 . 

Yesuvius, eruptions from, 142, 341, 350. 

and Etna, sections of, 385. 

Yetch, Captain, R.E., on raised beaches, 
Island of Jtm^ Hebrides, 462. 

Yictoria land, ice barrier of, 234, 241 ; 

sea-bottom near, 238 ; volcanos in, 351. 
Yirtuous La<ly Mine, Tavistock, succes- 
sive modifications of contents of vein 
at, 693. 

Yolatilization of substances found in 
veins, 673. 

Yolcanic eruptions, submarine, 69, 100, 
322; of Tomboro, 123; of Vesuvius, 
124, 342 ; of Skaptar-jokull, 125, 344 ; 
of Etna, 343 ; of Iceland volcanos, ib. 

matter, distribution of, in tideless 

seas, 69 ; in tidal seas, 99 ; rocks, na- 
ture of, 351 ; cones, formation of, 331; 
vapours and gases, 323. 

accumulations beneath w^ater, 322. 

eruptions, entombment of animals 

by, 122. 

ashes, effects of showers of, 123; 

composition of, 367. 

glass, production of, 338. 

products amid the older rocks, 5.53. 

rocks, structure of, 351 ; specific 

gravity of, 353 ; chemical composition 
of, 354 ; chief substances of, 359 ; of 
Iceland, chemical composition of, 725. 

tuff, ancient, amid Silurian series, 

of Wales and Ireland, 555. 

ashes and cinders, 320; effects of 

acid and vapours on, 367 ; products, i 
fusibility of, 377 ; fissuresj direction 
of, 381 ; gases, effects of sea upon, ib . ; 
action variable, according to proximity 
of water, 409 ; tuff, fossiliferous, of 
Monte Somma, Yesuvius, 388. 

Yolcanos and their prodacti^ 317, 325$ 
elevation above the sea, *17; water 
ejected from, 350; sudden of 

temperature, on surfaces of, 37^' 
tribution of, in the ocean, 398 ; on 
continents and amid inland seas, 399 ; 
proximity of, to water, 400. 

Yolterra, Imracic lagoons of, 413. 

Yon Such, Leopold, on present gradual 
rise of land in Norwav and Sweden, 
439 ; on the Caldera, Island of Palma, 
383. 

Yorticose movements of earthquakes, 


Waddon Burton, Devon, quarry at, 313. 

Walferdin, M., on temj^ratures found 
at Artesian well, Grenell^ 465. 

Walterhausen, M., view of Etna, 386. 

Watchet, Somerset, faults near, 661 ; 
occurrence of sulphate of lime, in trias 
near, 601. 

YTater, agency of, by percolation, 12; 
soluble substances in, 14 ; compressi- 
bility of, 156 ; ejected from volcanos, 
3.50 ; sea, analysis of, 73, 107 ; specific 
gravity, 99; maximum density, 98; 
action of heated, on palagonite tuff, 
370; sulphurous, of Iceland, 375; 
variable proximity of, to volcanos, 400; 
arrangement of, in rocks, according to 
its densities, 469 ; permeation of, 
through joints and fissures of rocks, 
469 ; circulation of, in mines, 464 ; 
movement of, in chalk beneath London, 
603. 

Waterford, joints through old red con- 
glomerate at, 628 ; coast of, fine.sections 
of igneous rocks on, 555. 

Harbour, flexure and plication 

of component parts of beds at, 648. 

Watt, Mr. Gregory, on fusion of rocks, 
325, 405. 

Waves, effects of, 46, 89; earthquake, 
transmission of, complicated, 421. 

Wealden deposits, South-eastern Eng- 
land, 519. 

Wei bye, M., on the effects of ice on 
coasts, 245. 

Wenzal vein, Furstenburg, notice of, 
680. 

Werner, on coating of veins by dissi- 
milar substances, 697 ; on movements 
in mineral veins, 698. 

Western Europe, distribution of land 
and sea in, at new red sandstone time, 
487. 

Wexford, carbonate of copper in the old 
red Sandstone, near, 695. 

Wheal Fortune Mine, Cornwall, range of 
lodes at, 657. 

Wheal Julia, Cornwall, successive move- 
ments of lode of, 698. 

Wicca Pool, Cornwall, granite veins at, 
575. 

Wicklow granite, outline of rai 'e of, .574. 

Wicklow and Wexford, granites, of, 5< 

Wick Rocks, near Bath, no^'..e of faults 
at, 653. 

Wilkes, Capt., on ice barriers, 234. 

Wiveliscombe, Somersetshire, denuda- 
tion near, 710 ; cleavage planes at, 617. 

Woolhope, denudation of rocks near, 713. 

yELr.ow SANDSTONE, of Clonca, county 
of Waterford, false bedding of, 532. 

Zermatt, glacier of, 217. 

Zinc, fiulphuret of, converted into car- 
bonate, in mineral veins, 692. 

Zones, in depth, of iparino life, in 
.^gean Sea, 146 ; on coast of Norway, 
151 ; in British Seas, 152. 
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